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Apple v. Corephotonics

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicant: § Confirmation No:

§

Noy Cohen §

§
Serial No.:

Title: DUAL APERTURE ZOOM

CAMERA WITH VIDEO SUPPORT

AND SWITCHING / NON-

SWITCHING DYNAMIC CONTROL

§

Filed: Concurrently §

§ Attorney Docket: Coreph-0159 US NP

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Sir/Madam

Before substantive examination, Applicant respectfully requests that claims 1-21 be

amended to remove multiple dependencies existing in claims 10-12, 20 and 21 of

international patent application PCT/IB2016/053803 of which this is a 371 national phase

application.
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IN THE CLAIMS:

Please amend the claims as follows:

1. (Original) A zoom digital camera comprising:

a) a Wide imaging section that includes a fixed focal length Wide lens with a Wide field

of view (FOV) and a Wide sensor, the Wide imaging section operative to provide Wide

image data of an object or scene;

b) a Tele imaging section that includes a fixed focal length Tele lens with a Tele FOV

that is narrower than the Wide FOV and a Tele sensor, the Tele imaging section operative to

provide Tele image data of the object or scene; and

c) a camera controller operatively coupled to the Wide and Tele imaging sections, the

camera controller configured to evaluate a no-switching criterion determined by inputs from

both Wide and Tele image data, and, if the no-switching criterion is fulfilled, to output a

zoom video output image that includes only Wide image data in a zoom-in operation between

a lower zoom factor (ZF) value and a higher ZF value.

2. (Original) The camera of claim 1, wherein the no-switching criterion includes a shift

between the Wide and Tele images calculated by global registration, the shift being greater

than a first threshold.

3. (Original) The camera of claim 1, wherein the no-switching criterion includes a

disparity range calculated by global registration, the disparity range being greater than a

second threshold.

4. (Original) The camera of claim 1, wherein the no-switching criterion includes an

effective resolution of the Tele image being lower than an effective resolution of the Wide

image.

5. (Original) The camera of claim 1, wherein the no-switching criterion includes a

number of corresponding features in the Wide and Tele images being smaller than a third

threshold.
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6. (Original) The camera of claim 1, wherein the no-switching criterion includes a

majority of objects imaged in an overlap area of the Wide and Tele images being calculated

to be closer to the camera than a first threshold distance.

7. (Original) The camera of claim 1, wherein the no-switching criterion includes some

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer

than a second threshold distance while other objects imaged in the overlap area of the Wide

and Tele images being calculated to be farther than a third distance threshold.

8. (Original) The camera of claim 1, wherein the camera controller includes a user

control module for receiving user inputs and a sensor control module for configuring each

sensor to acquire the Wide and Tele image data based on the user inputs.

9. (Original) The camera of claim 8, wherein the user inputs include a zoom factor, a

camera mode and a region of interest.

10. (Currently amended) The camera of any—of the claims 1—9, wherein the Tele lens

includes a ratio of total track length (TTL)/effective focal length (EFL) smaller than 1.

11. (Currently amended) The camera of any—of the claims 1—9, wherein, if the no-

switching criterion is not fulfilled, the camera controller is further configured to output video

output images with a smooth transition when switching between the lower ZF value and the

higher ZF value or vice versa, wherein at the lower ZF value the output image is determined

by the Wide sensor, and wherein at the higher ZF value the output image is determined by the

Tele sensor.

12. (Currently amended) The camera of any—of the claims 1—9, wherein the camera

controller is further configured to combine in still mode, at a predefined range of ZF values,

at least some of the Wide and Tele image data to provide a fused output image of the object

or scene from a particular point of view.

13. (Original) A method for obtaining zoom images of an object or scene using a digital

camera, comprising the steps of:
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a) providing in the digital camera a Wide imaging section having a Wide lens with a

Wide field of view (FOV) and a Wide sensor, a Tele imaging section having a Tele lens with

a Tele FOV that is narrower than the Wide FOV and a Tele sensor, and a camera controller

operatively coupled to the Wide and Tele imaging sections; and

b) configuring the camera controller to evaluate a no-switching criterion determined by

inputs from both Wide and Tele image data, and, if the no-switching criterion is fulfilled, to

output a zoom video output image that includes only Wide image data in a zoom-in operation

between a lower zoom factor (ZF) value and a higher ZF value.

14. (Original) The method of claim 13, wherein the no-switching criterion includes a shift

between the Wide and Tele images calculated by global registration, the shift being greater

than a first threshold.

15. (Original) The method of claim 13, wherein the no-switching criterion includes a

disparity range calculated by global registration, the disparity range being greater than a

second threshold.

16. (Original) The method of claim 13, wherein the no-switching criterion includes an

effective resolution of the Tele image being lower than an effective resolution of the Wide

image.

17. (Original) The method of claim 13, wherein the no-switching criterion includes a

number of corresponding features in the Wide and Tele images being smaller than a third

threshold.

18. (Original) The method of claim 13, wherein the no-switching criterion includes a

majority of objects imaged in an overlap area of the Wide and Tele images being calculated

to be closer to the camera than a first threshold distance.

19. (Original) The method of claim 13, wherein the no-switching criterion includes some

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer

than a second threshold distance while other objects imaged in the overlap area of the Wide

and Tele images being calculated to be farther than a third threshold distance.
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20. (Currently amended) The method of any—of—t—he claims 13—1—9, further comprising the

step of configuring the camera controller to combine in still mode, at a predefined range of

ZF values, at least some of the Wide and Tele image data to provide a fused output image of

the object or scene from a particular point of view.

21. (Currently amended) The method of any—ef—the claims 13—1—9, wherein the step of

configuring the camera controller to combine in still mode, at a predefined range of ZF

values, at least some of the Wide and Tele image data to provide a fused output image

includes configuring the camera controller to combine Wide and Tele image data only in

focused areas.
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REMARKS

This preliminary amendment amends claims 10-12 and 20, 21 of international

application PCT/IB2016/053 803 by removing multiple dependencies from those claims. No

new matter is introduced.

It is respectfully submitted that claims 1-21 are in condition for allowance. Prompt

notice of allowance is respectfully and earnestly solicited.

Respectfully submitted,

/ Menachem Nathan /

Menachem Nathan

Agent for Applicant

Registration No. 65392

Date: January 8, 2017
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Doc Code: Oath PTO/AIN08 (i 1-15)
Document Description: Oath or declaration filed Approved for use through 4/30/2017. 0MB 0651-0032US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are redoired to respond to a collection of information unless it contains a valid OMB control number.

DECLARATION FOR UTILITY on COREPH-0159 us NP

DESIGN First Named Inventor N C h
PATENT APPLICATION 0y 0 en

COMPLETE IF KNOWN
(37 CFR 1.63)

 

 

Application Number
Declaration Declaration , ,
Submitted Submitted After Initial Filing Date 2017—01-08
With initial OR Filing (surcharge .
Png nicer-nan» Arum —

re uirecliq

DUAL APERTURE ZOOM CAMERA WiTH VIDEO SUPPORT AND SWITCHING /

NON—SWITCHING DYNAMiC CONTROL

(Title of the invention)

As a below named inventor, i hereby declare that:

This declaration is directed to:

The attached application,

OR

United States Application Number or PCT International application number

filed on

The above-identified application was made or authorized to be made by me.

i believe I am the original inventor or an original joint inventor of a claimed invention in the application.

l hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

’ e address
Direct all . . _ ' Correspondence
correspondence to: assocrated M“ 92342 OR a address below

Customer Number:

Zip

Telephone Email

[Page i of 2}
This coilection of information is required by 35 U.S.C. HS and 37 CFR 1.63. The information is required to obtain or retain a benefit by the pubiic which is to file (and by
the USPTO to process) an application. Confidentiality is governed by 35 USO. 122 and 37 CFR 1.11 and 1.14. This coilection is estimated to take 21 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time wiil vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US.
Patent and Trademark Office, US Department of Commerce, PO. Box i450, Alexandria, VA 223i3-t450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. APPL—1002 / Page 7 of 435

 
If you need assistance in completing the form. cail i—eoo-Proeiee and select option 2.
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PTOlAlAlOS (1 1-15)
Approved for use through 413012017. OMB 0551-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB ccntroi number.

DECLARATION — Utility or Design Patent Application

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted tor payment purposes) is never required by the USPTO
to support a petition or an application. if this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non—publication request in compliance with 37 CFR 1.2l3la) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public it the application is referenced
in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO—2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.
Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTO/SB/Ol) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE—PAT~7, System name: Patent Application
Files. Documents not retained in an application file (such as the PTO—2038) are placed into the Privacy Act system of
COMMERCE/’PAT-TM—l 0, System name: DepositAccounts and Electronic Funds Transfer Profiles.

LEGAL NAME OF SOLE OR FIRST INVENTOR:

(5.9., Given Name (first and middle if any) and Family Name or Surname)

Noy Cohen

inventor’s Signature Date (Optional)

/Noy Cohenl

Residence: City Country

Tel—Aviv lL

ailing duress

30 Shlomo Ben Yossef St.

City Zip

Tel—Aviv 6912529

Additional inventors are being named on the 2 Supplemental sheet(s) PTO/AlA/to attached hereto 
[Page 2 of 2)
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Privacy Act Statement

The Privacy Act of 1974 (P.l_. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to

the requirements of the Act, please be advised that: (t) the general authority tor the collection of this

information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the

principal purpose for which the information is used by the U.8. Patent and Trademark Office is to process

and/or examine your submission related to a patent application or patent. if you do not furnish the

requested information, the US. Patent and Trademark Office may not be able to process and/or examine

your submission, which may result in termination of proceedings or abandonment of the application or

expiration of the patent.

The information provided by you in this form will be subiect to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the

Freedom of information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records

from this system of records may be disclosed to the Department of Justice to determine

whether disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of

presenting evidence to a court, magistrate, or administrative tribunal, including disclosures

to opposing counsel in the course of settlement negotiations.
3. A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when

the individual has requested assistance from the Member with respect to the subject matter
of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the

Agency having need for the information in order to perform a contract. Recipients of

information shall be required to comply with the requirements of the Privacy Act of t974, as

amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an international Application flied under the Patent Cooperation Treaty in

this system of records may be disclosed, as a routine use, to the international Bureau of the

World intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
6. A record in this system of records may be disclosed, as a routine use, to another federal

agency for purposes of National Security review (35 U.S.C. i81) and for review pursuant to

the Atomic Energy Act (42 U.S.C. 218(0)).

7. A record from this system of records may be disclosed, as a routine use, to the

Administrator, General Services, or his/her designee, during an inspection of records

conducted by GSA as part of that agency‘s responsibility to recommend improvements in

records management practices and programs, under authority of 44 U.S.C. 2904 and 2906.

Such disclosure shall be made in accordance with the GSA regulations governing inspection

of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after

either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent

pursuant to 35 U.S.C. tSi. Further, a record may be disclosed, subject to the limitations of

87 CFR H4, as a routine use, to the public if the record was filed in an application which

became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspection or an

issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal,

State, or local law enforcement agency, if the USPTO becomes aware of a violation or

potential violation of law or regulation.
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PTO/SB/02A (07-07)
Approved for use through 01/31/2014. OMB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Pa erwork Reduction Act of 1995 no ersons are reuired to resond to a collection of information unless it contains a valid OMB control number.

ADDITIONAL |NVENTOR(S)
DECLARATION Supplemental Sheet — of—

Given Name (first and middle (if any)) Family Name or Surname

Inventors /Oded Gigushinski/
Signature Date

Herzlia lL iL

Residence: City State Country Citizenship
23 Ahi Dakar St.

Mailing Address

Herzlia 4670223 IL

City State Zip Country

Name Of Additional JOint Inventor; if any: D A petition has been filed forthis unsigned inventor

Given Name (first and middle (if any)) Family Name or Surname

Inventor’s /Nadav Geva/
Signature

Tel-Aviv |L

Residence: City Citizenship
3 Vormaiza St.

Mailing Address

Tel-Aviv 6264203 |L

City State Zip Country

Name Of Additional Jaint Inventor! if any: D A petition has been filed forthis unsigned inventor
Given Name (first and middle (if any)) Family Name or Surname

Inventor’s /Ga| Shabtay/
Signature

Tel-Aviv IL lL

Residence: City State Country Citizenship

4 Shmuel Shnitzer St.

Mailing Address

Tel-Aviv 6958313 |L

City State Zip Country
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, US. Patent and Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS To THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

 
Ifyou need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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PTO/SB/OZB (07-07)
Approved for use through 01/31/2014. OMB 0651-0032

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached?
Number(s) (MM/DD/YYYY) Not Claimed YES NO

DDDDDDDDDDDDDDDDDD
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This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount oftime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, US. Patent and Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS To THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority forthe
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the US. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the US. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment ofthe application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed underthe
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure ofthese records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter ofthe
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need forthe information in order to perform a contract. Recipients of
information shall be required to comply with the requirements ofthe Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau ofthe
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records forthis
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public ifthe record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/SB/02A (07-07)
Approved for use through 01/31/2014. OMB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Pa erwork Reduction Act of 1995 no ersons are reuired to resond to a collection of information unless it contains a valid OMB control number.

 

 

ADDITIONAL |NVENTOR(S)
DECLARATION Supplemental Sheet

 
Pa —of

e
Name of Additiona| Joint "mentor, if any; D A petition has been filed forthis unsign d inventor

Given Name (first and middle (if any)) Family Name or Surname

Inventor’s /Ester Ashkenazi/
Signature Date

Modi‘in IL IL

Residence: City State Country Citizenship

52/2 Emeq Dotan St.

7170202 lL

State Zip Country

Name Of Additional JOint Inventor; if any: D A petition has been filed forthis unsigned inventor

Given Name (first and middle (if any)) Family Name or Surname

Inventor’s /Ruthy Katz/
Signature

Mailing Address

Tel Aviv |L

Residence: City Citizenship

6/20 Hachmey Kiruan St.

Mailing Address

Tel Aviv 6423706 |L

City State Zip Country

Name Of Additional Jaint Inventor! if any: D A petition has been filed forthis unsigned inventor
Given Name (first and middle (if any)) Family Name or Surname

Inventor’s /Ephraim Goldenberg/
Signature

Ashdod IL IL

Residence: City State Country Citizenship

32 Tel Chai Str.

Mailing Address

Ashdod 7751025 |L

City State Zip Country
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, US. Patent and Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS To THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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PTO/SB/OZB (07-07)
Approved for use through 01/31/2014. OMB 0651-0032

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached?
Number(s) (MM/DD/YYYY) Not Claimed YES NO
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This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount oftime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, US. Patent and Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS To THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority forthe
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the US. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the US. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment ofthe application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed underthe
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure ofthese records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter ofthe
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need forthe information in order to perform a contract. Recipients of
information shall be required to comply with the requirements ofthe Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau ofthe
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records forthis
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public ifthe record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING/

NON-SWITCHING DYNAMIC CONTROL

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a 371 application from international patent application

PCT/IB2016/053803 filed June 26, 2016, and is related to and claims priority from US

Provisional Patent Application No. 62/204,667 filed August 13, 2015 which is expressly

incorporated herein by reference in its entirety.

FIELD

Embodiments disclosed herein relate in general to digital cameras and in particular to

zoom digital cameras with video capabilities.

BACKGROUND

Digital camera modules are currently being incorporated into a variety of host devices.

Such host devices include cellular telephones, personal data assistants (PDAs), computers,

and so forth. Consumer demand for digital camera modules in host devices continues to grow.

Host device manufacturers prefer digital camera modules to be small, so that they can

be incorporated into the host device without increasing its overall size. Further, there is an

increasing demand for such cameras to have higher-performance characteristics. One such

characteristic possessed by many higher-performance cameras (e.g., standalone digital still

cameras) is the ability to vary the focal length of the camera to increase and decrease the

magnification of the image. This ability, typically accomplished with a zoom lens, is known

as optical zooming. “Zoom” is commonly understood as a capability to provide different

magnifications of the same scene and/or object by changing the focal length of an optical

system, with a higher level of zoom associated with greater magnification and a lower level of

zoom associated with lower magnification. Optical zooming is typically accomplished by

mechanically moving lens elements relative to each other. Such zoom lenses are typically

more expensive, larger and less reliable than fixed focal length lenses. An alternative

approach for approximating the zoom effect is achieved with what is known as digital
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zooming. With digital zooming, instead of varying the focal length of the lens, a processor in

the camera crops the image and interpolates between the pixels of the captured image to

create a magnified but lower-resolution image.

Attempts to use multi-aperture imaging systems to approximate the effect of a zoom

lens are known. A multi-aperture imaging system (implemented for example in a digital

camera) includes a plurality of optical sub-systems (also referred to as ”cameras”). Each

camera includes one or more lenses and/or other optical elements which define an aperture

such that received electro-magnetic radiation is imaged by the optical sub-system and a

resulting image is directed towards a two-dimensional (2D) pixelated image sensor region.

The image sensor (or simply ”sensor”) region is configured to receive the image and to

generate a set of image data based on the image. The digital camera may be aligned to receive

electromagnetic radiation associated with scenery having a given set of one or more objects.

The set of image data may be represented as digital image data, as well known in the art.

Hereinafter in this description, ”image" ”image data” and ”digital image data” may be used

interchangeably. Also, ”object" and ”scene" may be used interchangeably. As used herein,

the term ”object" is an entity in the real world imaged to a point or pixel in the image.

Multi-aperture imaging systems and associated methods are described for example in

US Patent Publications No. 2008/0030592, 2010/0277619 and 2011/0064327. In US

2008/0030592, two sensors are operated simultaneously to capture an image imaged through

an associated lens. A sensor and its associated lens form a lens/sensor combination. The two

lenses have different focal lengths. Thus, even though each lens/sensor combination is

aligned to look in the same direction, each combination captures an image of the same subject

but with two different fields of view (FOV). One sensor is commonly called “Wide” and the

other “Tele”. Each sensor provides a separate image, referred to respectively as “Wide” (or

“W”) and “Tele” (or “T”) images. A W-image reflects a wider FOV and has lower resolution

than the T-image. The images are then stitched (fused) together to form a composite (”fused”)

image. In the composite image, the central portion is formed by the relatively higher-

resolution image taken by the lens/sensor combination with the longer focal length, and the

peripheral portion is formed by a peripheral portion of the relatively lower-resolution image

taken by the lens/sensor combination with the shorter focal length. The user selects a desired

amount of zoom and the composite image is used to interpolate values from the chosen

amount of zoom to provide a respective zoom image. The solution offered by US

2008/0030592 requires, in video mode, very large processing resources in addition to high

frame rate requirements and high power consumption (since both cameras are fully
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operational).

US 2010/0277619 teaches a camera with two lens/sensor combinations, the two lenses

having different focal lengths, so that the image from one of the combinations has a FOV

approximately 2-3 times greater than the image from the other combination. As a user of the

camera requests a given amount of zoom, the zoomed image is provided from the lens/sensor

combination having a FOV that is next larger than the requested FOV. Thus, if the requested

FOV is less than the smaller FOV combination, the zoomed image is created from the image

captured by that combination, using cropping and interpolation if necessary. Similarly, if the

requested FOV is greater than the smaller FOV combination, the zoomed image is created

from the image captured by the other combination, using cropping and interpolation if

necessary. The solution offered by US 2010/0277619 leads to parallax artifacts when moving

to the Tele camera in video mode.

In both US 2008/0030592 and US 2010/0277619, different focal length systems cause

matching Tele and Wide FOVs to be exposed at different times using CMOS sensors. This

degrades the overall image quality. Different optical F numbers (”F#”) cause image intensity

differences. Working with such a dual sensor system requires double bandwidth support, i.e.

additional wires from the sensors to the following HW component. Neither US 2008/0030592

nor US 2010/0277619 deal with registration errors.

US 2011/0064327 discloses multi-aperture imaging systems and methods for image

data fusion that include providing first and second sets of image data corresponding to an

imaged first and second scene respectively. The scenes overlap at least partially in an overlap

region, defining a first collection of overlap image data as part of the first set of image data,

and a second collection of overlap image data as part of the second set of image data. The

second collection of overlap image data is represented as a plurality of image data cameras

such that each of the cameras is based on at least one characteristic of the second collection,

and each camera spans the overlap region. A fused set of image data is produced by an image

processor, by modifying the first collection of overlap image data based on at least a selected

one of, but less than all of, the image data cameras. The systems and methods disclosed in this

application deal solely with fused still images.

None of the known art references provide a thin (e.g. fitting in a cell-phone) dual-

aperture zoom digital camera with fixed focal length lenses, the camera configured to operate

in both still mode and video mode to provide still and video images, wherein the camera

configuration does not use any fusion to provide a continuous, smooth zoom in video mode.

Therefore there is a need for, and it would be advantageous to have thin digital
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cameras with optical zoom operating in both video and still mode that do not suffer from

commonly encountered problems and disadvantages, some of which are listed above.

SUMMARY

Embodiments disclosed herein teach the use of dual-aperture (also referred to as dual-

lens or two-sensor) optical zoom digital cameras. The cameras include two cameras, a Wide

camera and a Tele camera, each camera including a fixed focal length lens, an image sensor

and an image signal processor (ISP). The Tele camera is the higher zoom camera and the

Wide camera is the lower zoom camera. In some embodiments, the thickness/effective focal

length (EFL) ratio of the Tele lens is smaller than about 1. The image sensor may include two

separate 2D pixelated sensors or a single pixelated sensor divided into at least two areas. The

digital camera can be operated in both still and video modes. In video mode, optical zoom is

achieved ”without fusion”, by, in some embodiments, switching between the W and T images

to shorten computational time requirements, thus enabling high video rate. To avoid

discontinuities in video mode, the switching includes applying additional processing blocks,

which include in some embodiments image scaling and shifting. In some embodiments, when

a no-switching criterion is fulfilled, optical zoom is achieved in video mode without

switching.

As used herein, the term ”video" refers to any camera output that captures motion by a

series of pictures (images), as opposed to ”still mode” that friezes motion. Examples of

”video" in cellphones and smartphones include ”video mode” or ”preview mode”.

In order to reach optical zoom capabilities, a different magnification image of the

same scene is captured (grabbed) by each camera, resulting in FOV overlap between the two

cameras. Processing is applied on the two images to fuse and output one fused image in still

mode. The fused image is processed according to a user zoom factor request. As part of the

fusion procedure, up-sampling may be applied on one or both of the grabbed images to scale

it to the image grabbed by the Tele camera or to a scale defined by the user. The fusion or up-

sampling may be applied to only some of the pixels of a sensor. Down-sampling can be

performed as well if the output resolution is smaller than the sensor resolution.

The cameras and associated methods disclosed herein address and correct many of the

problems and disadvantages of known dual-aperture optical zoom digital cameras. They

provide an overall zoom solution that refers to all aspects: optics, algorithmic processing and

system hardware (HW).
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In a dual-aperture camera image plane, as seen by each camera (and respective image

sensor), a given object will be shifted and have different perspective (shape). This is referred

to as point-of—view (POV). The system output image can have the shape and position of either

camera image or the shape or position of a combination thereof. If the output image retains

the Wide image shape then it has the Wide perspective POV. If it retains the Wide camera

position then it has the Wide position POV. The same applies for Tele images position and

perspective. As used in this description, the perspective POV may be of the Wide or Tele

cameras, while the position POV may shift continuously between the Wide and Tele cameras.

In fused images, it is possible to register Tele image pixels to a matching pixel set within the

Wide image pixels, in which case the output image will retain the Wide POV (“Wide

fusion”). Alternatively, it is possible to register Wide image pixels to a matching pixel set

within the Tele image pixels, in which case the output image will retain the Tele POV (“Tele

fusion”). It is also possible to perform the registration after either camera image is shifted, in

which case the output image will retain the respective Wide or Tele perspective POV.

In an exemplary embodiment, there is provided a zoom digital camera comprising a

Wide imaging section that includes a fixed focal length Wide lens with a Wide FOV and a

Wide sensor, the Wide imaging section operative to provide Wide image data of an object or

scene, a Tele imaging section that includes a fixed focal length Tele lens with a Tele FOV that

is narrower than the Wide FOV and a Tele sensor, the Tele imaging section operative to

provide Tele image data of the object or scene, and a camera controller operatively coupled to

the Wide and Tele imaging sections, the camera controller configured to evaluate a no-

switching criterion determined by inputs from both Wide and Tele image data, and, if the no-

switching criterion is fulfilled, to output a zoom video output image that includes only Wide

image data in a zoom-in operation between a lower zoom factor (ZF) value and a higher ZF

value.

In an exemplary embodiment there is provided a method for obtaining zoom images of

an object or scene using a digital camera, comprising the steps of providing in the digital

camera a Wide imaging section having a Wide lens with a Wide FOV and a Wide sensor, a

Tele imaging section having a Tele lens with a Tele FOV that is narrower than the Wide FOV

and a Tele sensor, and a camera controller operatively coupled to the Wide and Tele imaging

sections, and configuring the camera controller to evaluate a no-switching criterion

determined by inputs from both Wide and Tele image data, and, if the no-switching criterion

is fulfilled, to output a zoom video output image that includes only Wide image data in a

zoom-in operation between a lower ZF value and a higher ZF value.

APPL-1002 / Page 25 of 435



APPL-1002 / Page 26 of 435

10

15

20

25

30

In some exemplary embodiments, the no-switching criterion includes a shift between

the Wide and Tele images calculated by global registration, the shift being greater than a first

threshold.

In some exemplary embodiments, the no-switching criterion includes a disparity range

calculated by global registration, the disparity range being greater than a second threshold.

In some exemplary embodiments, the no-switching criterion includes an effective

resolution of the Tele image being lower than an effective resolution of the Wide image.

In some exemplary embodiments, the no-switching criterion includes a number of

corresponding features in the Wide and Tele images being smaller than a third threshold.

In some exemplary embodiments, the no-switching criterion includes a majority of

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer

to the camera than a first threshold distance.

In some exemplary embodiments, the no-switching criterion includes some objects

imaged in an overlap area of the Wide and Tele images being calculated to be closer than a

second threshold distance while other objects imaged in the overlap area of the Wide and Tele

images being calculated to be farther than a third distance threshold.

In some exemplary embodiments, the camera controller includes a user control

module for receiving user inputs and a sensor control module for configuring each sensor to

acquire the Wide and Tele image data based on the user inputs.

In some exemplary embodiments, the user inputs include a zoom factor, a camera

mode and a region of interest.

In some exemplary embodiments, the Tele lens includes a ratio of total track length

(TTL)/effective focal length (EFL) smaller than 1. For a definition of TTL and EFL see e,g.

co-assigned US published patent application No. 20150244942.

In some exemplary embodiments, if the no-switching criterion is not fulfilled, the

camera controller is further configured to output video output images with a smooth transition

when switching between the lower ZF value and the higher ZF value or vice versa, wherein at

the lower ZF value the output image is determined by the Wide sensor, and wherein at the

higher ZF value the output image is determined by the Tele sensor.

In some exemplary embodiments, the camera controller is further configured to

combine in still mode, at a predefined range of ZF values, at least some of the Wide and Tele

image data to provide a fused output image of the object or scene from a particular point of

view.
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BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting examples of embodiments disclosed herein are described below with

reference to figures attached hereto that are listed following this paragraph. Identical

structures, elements or parts that appear in more than one figure are generally labeled with a

same numeral in all the figures in which they appear. The drawings and descriptions are

meant to illuminate and clarify embodiments disclosed herein, and should not be considered

limiting in any way.

FIG. 1A shows schematically a block diagram illustrating an exemplary dual-aperture

zoom imaging system disclosed herein;

FIG. 1B is a schematic mechanical diagram of the dual-aperture zoom imaging system

of FIG. 1A:

FIG. 2 shows an example of a Wide sensor, a Tele sensor and their respective FOVs;

FIG. 3A shows an embodiment of an exemplary method disclosed herein for acquiring

a zoom image in video/preview mode;

FIG. 3B shows exemplary feature points in an object;

FIG. 3C shows schematically a known rectification process;

FIG. 4 shows a graph illustrating an effective resolution zoom factor.

DETAILED DESCRIPTION

Definitions:

Sharpness score: the gradients (dx, dy) of the image are compared (through

subtraction) to the gradients of its low pass filtered version. A higher difference indicates a

sharper original image. The result of this comparison is normalized with respect to the

average variations (for example, sum of absolute gradients) of the original image, to obtain an

absolute sharpness score.

Edge score: for each image, the edges are found (for example, using Canny edge

detection) and the average intensity of gradients along them is calculated, for example, by

calculating the magnitude of gradients (dx, dy) for each edge pixel, summing the results and

dividing by the total number of edge pixels. The result is the edge score.

Effective resolution score: this score is calculated only in a region of interest (ROI)

and provides a good indication of the effective resolution level in the image. As used herein,

“R01” is a user-defined sub-region of the image that may be exemplarily 4% or less of the
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image area. The effective resolution score can be derived from a combination of the

sharpness scores and edge scores for each image, for example by normalizing both to be

between [0, l] and by taking their average.

FIG. 1A shows schematically a block diagram illustrating an exemplary embodiment

of a dual-aperture zoom imaging system (also referred to simply as “dual-camera” or ”dual-

aperture camera”) disclosed herein and numbered 100. Dual-aperture camera 100 comprises a

Wide imaging section (“Wide camera”) that includes a Wide lens block 102, a Wide image

sensor 104 and a Wide image processor 106. Dual-aperture camera 100 further comprises a

Tele imaging section (“Tele camera”) that includes a Tele lens block 108, a Tele image sensor

110 and a Tele image processor 112. The image sensors may be physically separate or may

be part of a single larger image sensor. The Wide sensor pixel size can be equal to or different

from the Tele sensor pixel size. Dual-aperture camera 100 further comprises a camera fusion

processing core (also referred to as “controller”) 114 that includes a sensor control module

116, a user control module 118, a video processing module 126 and a capture processing

module 128, all operationally coupled to sensor control block 110. User control module 118

comprises an operational mode function 120, a ROI function 122 and a zoom factor (ZF)

function 124.

Sensor control module 116 is connected to the two (Wide and Tele) cameras and to

the user control module 118 and used to choose, according to the zoom factor, which of the

sensors is operational and to control the exposure mechanism and the sensor readout. Mode

choice function 120 is used for choosing capture/video modes. ROI function 122 is used to

choose a region of interest. The R01 is the region on which both cameras are focused on.

Zoom factor function 124 is used to choose a zoom factor. Video processing module 126 is

connected to mode choice function 120 and used for video processing. It is configurable to

evaluate a no-switching criterion determined by inputs from both Wide and Tele image data

and to make a decision regarding video output. Specifically, upon evaluation of a no-

switching criterion, if the no-switching criterion is fulfilled, module 126 is configurable to

output a zoom video output image that includes only Wide image data in a zoom-in operation

between a lower zoom factor (ZF) value and a higher ZF value. If the no-switching criterion

is not fulfilled, module 126 is configurable to combine in still mode, at a predefined range of

ZF values, at least some of the Wide and Tele image data to provide a fused output image of

the object or scene from a particular point of view. Still processing module 128 is connected

to the mode choice function 120 and used for high image quality still mode images. The video

processing module is applied when the user desires to shoot in video mode. The capture
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processing module is applied when the user wishes to shoot still pictures.

FIG. 1B is a schematic mechanical diagram of the dual-aperture zoom imaging system

of FIG. 1A. Exemplary dimensions: Wide lens TTL = 4.2mm and EFL = 3.5mm; Tele lens

TTL = 6mm and EFL = 7 mm; both Wide and Tele sensors 1/3 inch; external dimensions of

Wide and Tele cameras: width (w) and length (l) = 8.5 mm and height (h) = 6.8 mm; distance

”d” between camera centers = 10mm.

Following is a detailed description and examples of different methods of use of dual-

aperture camera 100.

Still mode operation/function

In still camera mode, the obtained image is fused from information obtained by both

cameras at all zoom levels, see FIG. 2, which shows a Wide sensor 202 and a Tele sensor 204

and their respective FOVs. Exemplarily, as shown, the Tele sensor FOV is half the Wide

sensor FOV. The still camera mode processing includes two stages: the first stage includes

setting HW settings and configuration, where a first objective is to control the sensors in such

a way that matching FOVs in both images (Tele and Wide) are scanned at the same time, a

second objective is to control the relative exposures according to the lens properties, and a

third objective is to minimize the required bandwidth from both sensors for the ISPs. The

second stage includes image processing that fuses the Wide and the Tele images to achieve

optical zoom, improves SNR and provides wide dynamic range.

FIG. 3A shows image line numbers vs. time for an image section captured by CMOS

sensors. A fused image is obtained by line (row) scans of each image. To prevent matching

FOVs in both sensors to be scanned at different times, a particular configuration is applied by

the camera controller on both image sensors while keeping the same frame rate. The

difference in FOV between the sensors determines the relationship between the rolling shutter

time and the vertical blanking time for each sensor.

Video mode operation/function

Smooth transition

When a dual-aperture camera switches the camera output between cameras or points

of view, a user will normally see a ”jump” (discontinuous) image change. However, a change

in the zoom factor for the same camera and POV is viewed as a continuous change. A
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“smooth transition” (ST) is a transition between cameras or POVs that minimizes the jump

effect. This may include matching the position, scale, brightness and color of the output

image before and after the transition. However, an entire image position matching between

the camera outputs is in many cases impossible, because parallax causes the position shift to

be dependent on the object distance. Therefore, in a smooth transition as disclosed herein, the

position matching is achieved only in the ROI region while scale brightness and color are

matched for the entire output image area.

Zoom-in and Zoom-out in video mode

In video mode, sensor oversampling is used to enable continuous and smooth zoom

experience. Processing is applied to eliminate the changes in the image during crossover from

one camera to the other. Zoom from 1 to stimh is performed using the Wide sensor only.

From stitch and on, it is performed mainly by the Tele sensor. To prevent “jumps” (roughness

in the image), switching to the Tele image is done using a zoom factor which is a bit higher

(stitch +AZoom) than stitch. AZoom is determined according to the system's properties and is

different for cases where zoom-in is applied and cases where zoom-out is applied (AZoominqé

AZoomout). This is done to prevent residual jumps artifacts to be visible at a certain zoom

factor. The switching between sensors, for an increasing zoom and for decreasing zoom, is

done on a different zoom factor.

The zoom video mode operation includes two stages: (1) sensor control and

configuration and (2) image processing. In the range from 1 to stitch, only the Wide sensor is

operational, hence, power can be supplied only to this sensor. Similar conditions hold for a

Wide AF mechanism. From stitch+AZoom to Zmax only the Tele sensor is operational, hence,

power is supplied only to this sensor. Similarly, only the Tele sensor is operational and power

is supplied only to it for a Tele AF mechanism. Another option is that the Tele sensor is

operational and the Wide sensor is working in low frame rate. From stitch to stimh+AZoom,

both sensors are operational.

Zoom-in: at low ZF up to slightly above ZFT (the zoom factor that enables switching

between Wide and Tele outputs) the output image is the digitally zoomed, unchanged Wide

camera output. ZFT is defined as follows:

ZFT = Tan (FOVWide)/Tan (FOVTele)

where Tan refers to “tangent”, while FOVWide and FOVTCIe refer respectively to the Wide and
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Tele lens fields of view (in degrees). As used herein, the FOV is measured from the center

axis to the corner of the sensor (i.e. half the angle of the normal definition). Switching cannot

take place below ZFT and it can above it.

In some embodiments for the up-transfer ZF, as disclosed in co-invented and co-

owned US patent 9,185,291, the output is a transformed Tele camera output, where the

transformation is performed by a global registration (GR) algorithm to achieve smooth

transition. As used herein ” global registration” refers to an action for which the inputs are the

Wide and Tele images. The Wide image is cropped to display the same FOV as the Tele

image. The Tele image is passed through a low pass filter (LPF) and resized to make its

appearance as close as possible to the Wide image (lower resolution and same pixel count).

The outputs of GR are corresponding feature point pairs in the images along with their

disparities, and parameters for differences between the images, i.e. shift and scale. As used

herein, ”feature point” refers to a point such as points 10a-d in FIG. 3B and refers to a point

(pixel) of interest on an object in an image. For purposes set forth in this description, a feature

point should be reproducible and invariant to changes in image scale, noise and illumination.

Such points usually lie on corners or other high-contrast regions of the object.

Stages of Global Registration

In some exemplary embodiments, global registration may be performed as follows:

1. Find interest points (features) in each image separately by filtering it with,

exemplarily, a Difference of Gaussians filter, and finding local extrema on the resulting

image.

2. Find feature correspondences (features in both images that describe the same point in

space) in a ”matching” process. These are also referred to as ”feature pairs”, ”correspondence

pairs” or ”matching pairs”. This is done by comparing each feature point from one (Tele or

Wide) image (referred to hereinafter as ”image 1”) to all feature points in that region from the

other (respectively Wide or Tele) image (referred to hereinafter as ”image 2”). The features

are compared only within their group of minima/maxima, using patch normalized cross-

correlation. As used herein, ”patch" refers to a group of neighboring pixels around an origin

pixel.

3. The normalized cross correlation of two image patches t(x, y) and f (x, y) is

1 (fo.y)-f)(t(x.y)—f)
E ny—afat where n is the number of pixels in both patches, f is the average of f

and (If is the standard deviation of f. A match for a feature point from image 1 is only

11
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confirmed if its correlation score is much higher (for example, x12) than the next-best

matching feature from image 2.

4. Find the disparity between each pair of corresponding features (also referred to as

”matching pair”) by subtracting their x and y coordinate values.

5. Filter bad matching points:

a. Following the matching process, matches that include feature points from image 2 that

were matched to more than one feature from image 1 are discarded.

b. Matching pairs whose disparity is inconsistent with the other matching pairs are

discarded. For example, if there is one corresponding pair which whose disparity is lower or

higher than the others by 20 pixels.

6. The localization accuracy for matched points from image 2 is refined by calculating a

correlation of neighboring pixel patches from image 2 with the target patch (the patch around

the current pixel (of the current matching pair) from image 1, modeling the results as a

parabola and finding its maximum.

7. Rotation and fine scale differences are calculated between the two images according to

the matching points (for example, by subtracting the center of mass from each set of points,

i.e. the part of the matching points belonging to either the Wide or the Tele image, and

solving a least squares problem).

8. After compensating for these differences, since the images were rectified, the disparity

in the Y axis should be close to 0. Matching points that do not fit this criterion are discarded.

A known rectification process is illustrated in FIG. 3C.

9. Finally, the remaining matching points are considered true and the disparities for them

are calculated. A weighted average of the disparity is taken as the shift between both images.

The maximum difference between disparity values is taken as the disparity range.

10. At various stages during GR, if there are not enough feature/matching points

remaining, the GR is stopped and returns a failure flag.

In addition, it is possible to find range calibration to the rectification process by

finding the shiftI = shift for objects at infinity and defining shiftD=shift-shiftI and disparity D

focalLength-baseline
= disparity-shiftI. We then calculate object distance = wheredisparityD-pixelSize ’

”baseline” is the distance between cameras.

Returning now to the Zoom-in process, in some embodiments, for higher ZF than the

up-transfer ZF the output is the transformed Tele camera output, digitally zoomed. However,

in other embodiments for the up-transfer ZF there will be no switching from the Wide to the
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Tele camera output, i.e. the output will be from the Wide camera, digitally zoomed. This ”no

switching” process is described next.

No Switching

Switching from the Wide camera output to the transformed Tele camera output will be

performed unless some special condition (criterion), determined based on inputs obtained

from the two camera images, occurs. In other words, switching will not be performed only if

at least one of the following no-switching criteria is fulfilled:

1. if the shift calculated by GR is greater than a first threshold, for example 50 pixels.

2. if the disparity range calculated by GR is greater than a second threshold, for example

20 pixels, because in this case there is no global shift correction that will suppress

movement/j ump for all objects distances (smooth transition is impossible for all objects).

3. if the effective resolution score of the Tele image is lower than that of the Wide

image. In this case, there is no point in performing the transition because no value (i.e.

resolution) is gained. Smooth transition is possible but undesirable.

4. if the GR fails, i.e. if the number of matching pairs found is less than a third threshold,

for example 20 matching pairs.

5. if, for example, that are imaged onto the overlap area are calculated to be closer than a

first threshold distance, for example 30 cm, because this can result in a large image shift to

obtain ST.

6. if some objects (for example two objects) that are imaged in the overlap area are

calculated to be closer than a second threshold distance, for example 50 cm, while other

objects (for example two objects) are calculated to be farther than a third threshold distance

for example 10 m. The reason is that the shift between an object position in the Wide and Tele

cameras is object distance dependent, where the closer the objects the larger the shift, so an

image containing significantly close and far objects cannot be matched by simple

transformation (shift scale) to be similar and thus provide ST between cameras.

Zoom-out: at high ZF down to slightly below ZFT, the output image is the digitally

zoomed transformed Tele camera output. For the down-transfer ZF, the output is a shifted

Wide camera output, where the Wide shift correction is performed by the GR algorithm to

achieve smooth transition, i.e. with no jump in the ROI region. For lower (than the down-

transfer) ZF, the output is basically the down-transfer ZF output digitally zoomed but with

gradually smaller Wide shift correction, until for ZF=1 the output is the unchanged Wide

camera output.
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Note that if a no-switching criterion is not fulfilled, then the camera will output

without fusion continuous zoom video mode output images of the object or scene, each output

image having a respective output resolution, the video output images being provided with a

smooth transition when switching between the lower ZF value and the higher ZF value or vice

versa, wherein at the lower ZF value the output resolution is determined by the Wide sensor,

and wherein at the higher ZF value the output resolution is determined by the Tele sensor.

FIG. 3A shows an embodiment of a method disclosed herein for acquiring a zoom

image in video/preview mode for 3 different zoom factor (ZF) ranges: (a) ZF range = l :

stimh; (b) ZF range = stmh : stimh + AZoomin: and (c) Zoom factor range = stitch +

AZoomir1 : Zmax. The description is with reference to a graph of effective resolution vs. zoom

factor (FIG. 4). In step 302, sensor control module 116 chooses (directs) the sensor (Wide,

Tele or both) to be operational. Specifically, if the ZF range = lzzswimh, module 116 directs the

Wide sensor to be operational and the Tele sensor to be non-operational. If the ZF range is

stimh : stimh + AZoomin, module 116 directs both sensors to be operational and the zoom

image is generated from the Wide sensor. If the ZF range is stitch + AZoomir1 : Zmax, module

116 directs the Wide sensor to be non-operational and the Tele sensor to be operational. After

the sensor choice in step 302, all following actions are performed in video processing core

126. Optionally, in step 304, color balance is calculated if two images are provided by the

two sensors. Optionally yet, in step 306, the calculated color balance is applied in one of the

images (depending on the zoom factor). Further optionally, in step 308, registration is

performed between the Wide and Tele images to output a transformation coefficient. The

transformation coefficient can be used to set an AF position in step 310. In step 312, an output

of any of steps 302-308 is applied on one of the images (depending on the zoom factor) for

image signal processing that may include denoising, demosaicing, sharpening, scaling, etc. In

step 314, the processed image is resampled according to the transformation coefficient, the

requested ZF (obtained from zoom function 124) and the output video resolution (for example

1080p). To avoid a transition point to be executed at the same ZF, AZoom can change while

zooming in and while zooming out. This will result in hysteresis in the sensor switching point.

In more detail, for ZF range 1: stmh, for ZF < stitch, the Wide image data is

transferred to the ISP in step 312 and resampled in step 314. For ZF range = stimh : stitch +

AZoomin, both sensors are operational and the zoom image is generated from the Wide

sensor. The color balance is calculated for both images according to a given ROI. In addition,

for a given ROI, registration is performed between the Wide and Tele images to output a

transformation coefficient. The transformation coefficient is used to set an AF position. The
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transformation coefficient includes the translation between matching points in the two images.

This translation can be measured in a number of pixels. Different translations will result in a

different number of pixel movements between matching points in the images. This movement

can be translated into depth and the depth can be translated into an AF position. This enables

to set the AF position by only analyzing two images (Wide and Tele). The result is fast

focusing.

Both color balance ratios and transformation coefficient are used in the ISP step. In

parallel, the Wide image is processed to provide a processed image, followed by resampling.

For ZF range = stimh + AZoomir1 : Zmax and for Zoom factor > stitch, + AZoomin, the color

balance calculated previously is now applied on the Tele image. The Tele image data is

transferred to the ISP in step 312 and resampled in step 314. To eliminate crossover artifacts

and to enable smooth transition to the Tele image, the processed Tele image is resampled

according to the transformation coefficient, the requested ZF (obtained from zoom function

124) and the output video resolution (for example 1080p).

FIG. 4 shows the effective resolution as a function of the zoom factor for a zoom-in

case and for a zoom-out case AZoomup is set when one zooms in, and AZoomdown is set when

one zooms out. Setting AZoomup to be different from AZoomdown will result in transition

between the sensors to be performed at different zoom factor (“hysteresis”) when zoom-in is

used and when zoom-out is used. This hysteresis phenomenon in the video mode results in

smooth continuous zoom experience.

In conclusion, dual aperture optical zoom digital cameras and associate methods

disclosed herein reduce the amount of processing resources, lower frame rate requirements,

reduce power consumption, remove parallax artifacts and provide continuous focus (or

provide loss of focus) when changing from Wide to Tele in video mode. They provide a

dramatic reduction of the disparity range and avoid false registration in capture mode. They

reduce image intensity differences and enable work with a single sensor bandwidth instead of

two, as in known cameras.

All patent applications mentioned in this specification are herein incorporated in their

entirety by reference into the specification, to the same extent as if each individual patent

application was specifically and individually indicated to be incorporated herein by reference.

In addition, citation or identification of any reference in this application shall not be construed

as an admission that such reference is available as prior art to the present disclosure.

While this disclosure has been described in terms of certain embodiments and

generally associated methods, alterations and permutations of the embodiments and methods
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will be apparent to those skilled in the art. The disclosure is to be understood as not limited by

the specific embodiments described herein, but only by the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A zoom digital camera comprising:

a) a Wide imaging section that includes a fixed focal length Wide lens with a Wide field

of view (FOV) and a Wide sensor, the Wide imaging section operative to provide Wide image

data of an object or scene;

b) a Tele imaging section that includes a fixed focal length Tele lens with a Tele FOV

that is narrower than the Wide FOV and a Tele sensor, the Tele imaging section operative to

provide Tele image data of the object or scene; and

c) a camera controller operatively coupled to the Wide and Tele imaging sections, the

camera controller configured to evaluate a no—switching criterion determined by inputs from

both Wide and Tele image data, and, if the no—switching criterion is fulfilled, to output a zoom

video output image that includes only Wide image data in a zoom—in operation between a

lower zoom factor (ZF) value and a higher ZF value.

2. The camera of claim 1, wherein the no—switching criterion includes a shift between the

Wide and Tele images calculated by global registration, the shift being greater than a first

threshold.

3. The camera of claim 1, wherein the no—switching criterion includes a disparity range

calculated by global registration, the disparity range being greater than a second threshold.

4. The camera of claim 1, wherein the no—switching criterion includes an effective

resolution of the Tele image being lower than an effective resolution of the Wide image.

5. The camera of claim 1, wherein the no—switching criterion includes a number of

corresponding features in the Wide and Tele images being smaller than a third threshold.

6. The camera of claim 1, wherein the no—switching criterion includes a majority of

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer to

the camera than a first threshold distance.

17
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7. The camera of claim 1, wherein the no—switching criterion includes some objects

imaged in an overlap area of the Wide and Tele images being calculated to be closer than a

second threshold distance while other objects imaged in the overlap area of the Wide and Tele

images being calculated to be farther than a third distance threshold.

8. The camera of claim 1, wherein the camera controller includes a user control module

for receiving user inputs and a sensor control module for configuring each sensor to acquire

the Wide and Tele image data based on the user inputs.

9. The camera of claim 8, wherein the user inputs include a zoom factor, a camera mode

and a region of interest.

10. The camera of any of the claims 1—9, wherein the Tele lens includes a ratio of total

track length (TTL)/effective focal length (EFL) smaller than 1.

ll. The camera of any of the claims 1—9, wherein, if the no—switching criterion is not

fulfilled, the camera controller is further configured to output video output images with a

smooth transition when switching between the lower ZF value and the higher ZF value or vice

versa, wherein at the lower ZF value the output image is determined by the Wide sensor, and

wherein at the higher ZF value the output image is determined by the Tele sensor.

12. The camera of any of the claims 1—9, wherein the camera controller is further

configured to combine in still mode, at a predefined range of ZF values, at least some of the

Wide and Tele image data to provide a fused output image of the object or scene from a

particular point of view.

13. A method for obtaining zoom images of an object or scene using a digital camera,

comprising the steps of:

a) providing in the digital camera a Wide imaging section having a Wide lens with a

Wide field of view (FOV) and a Wide sensor, a Tele imaging section having a Tele lens with
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a Tele FOV that is narrower than the Wide FOV and a Tele sensor, and a camera controller

operatively coupled to the Wide and Tele imaging sections; and

b) configuring the camera controller to evaluate a no—switching criterion determined by

inputs from both Wide and Tele image data, and, if the no—switching criterion is fulfilled, to

output a zoom video output image that includes only Wide image data in a zoom—in operation

between a lower zoom factor (ZF) value and a higher ZF value.

14. The method of claim 13, wherein the no—switching criterion includes a shift between

the Wide and Tele images calculated by global registration, the shift being greater than a first

threshold.

15. The method of claim 13, wherein the no—switching criterion includes a disparity range

calculated by global registration, the disparity range being greater than a second threshold.

16. The method of claim 13, wherein the no—switching criterion includes an effective

resolution of the Tele image being lower than an effective resolution of the Wide image.

17. The method of claim 13, wherein the no—switching criterion includes a number of

corresponding features in the Wide and Tele images being smaller than a third threshold.

18. The method of claim 13, wherein the no—switching criterion includes a majority of

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer to

the camera than a first threshold distance.

19. The method of claim 13, wherein the no—switching criterion includes some objects

imaged in an overlap area of the Wide and Tele images being calculated to be closer than a

second threshold distance while other objects imaged in the overlap area of the Wide and Tele

images being calculated to be farther than a third threshold distance.

20. The method of any of the claims 13—19, further comprising the step of configuring the

camera controller to combine in still mode, at a predefined range of ZF values, at least some
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of the Wide and Tele image data to provide a fused output image of the object or scene from a

particular point of view.

21. The method of any of the claims 13—19, wherein the step of configuring the camera

controller to combine in still mode, at a predefined range of ZF values, at least some of the

Wide and Tele image data to provide a fused output image includes configuring the camera

controller to combine Wide and Tele image data only in focused areas.
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AB STRACT

A dual—aperture zoom digital camera operable in both still and video modes. The

camera includes Wide and Tele imaging sections with respective lens/sensor combinations

and image signal processors and a camera controller operatively coupled to the Wide and Tele

imaging sections. The Wide and Tele imaging sections provide respective image data. The

controller is configured to output, in a zoom—in operation between a lower zoom factor (ZF)

value and a higher ZF value, a zoom video output image that includes only Wide image data

or only Tele image data, depending on Whether a no—sWitching criterion is fulfilled or not.
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FIG. 3A
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this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: 0 Customer Number US Patent Practitioner 0 Limited Recognition (37 CFR 11.9) 
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. .

Appllcatlon Data Sheet 37 CFR 1.76

Title of Invention DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING 1 NON-SWITCHINGDYNAMIC CONTROL

Domestic BenefithationaI Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate

National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(9) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the "Application Number” field blank.

Filing or 371 (c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

—l=371 of international I PCT/IBZO161053803 016-06-26

Filing or 371 (c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

' CT1IB20161053803 I Iaims benefit of provisional I 62204667 19 015-08-13
Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

 

 

    
 

Add

  
Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application

that is eligible for retrieval under the priority document exchange program (PDX)| the information will be used by the Office to

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

 

 
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Add

  
 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications
 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

|:| 16, 2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AIA.
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. .

Appllcatlon Data Sheet 37 CFR 1.76

Title of Invention DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING I NON-SWITCHINGDYNAMIC CONTROL

Authorization or Opt-Out of Authorization to Permit Access:

 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written

authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see

paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant

application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the

authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an

application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind

authorization for access by a foreign lP office(s). Instead, Form PTO/SB/39 or PTO/SBIBQ must be used as appropriate.

 

1. Authorization to Permit Access by a Foreign Intellectual Property 0ffice(s)

A. Priority Document Exchange (PDX1- Unless box A in subsection 2 (opt-out of authorization) is checked, the

undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office

(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of

China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office

participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign

application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed

and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the

instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

 

 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,

the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search

results from the instant patent application when a European patent application claiming priority to the instant patent

application is filed. See 37 CFR 1.14(h)(2).

 

 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a

copy of search results from the instant application without delay in a European patent application that claims priority to

the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant

|:| application-as—filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent

|:| application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the

application in accordance with 37 CFR 1.14.
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_ _ Attorney Docket Number COREPH-0159 US NP
Appllcatlon Data Sheet 37 CFR 1.76 _ _

 Title of Invention DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING I NON-SWITCHINGDYNAMIC CONTROL

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an

applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

Clear

Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

 

 
 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor::|
If the Applicant is an Organization check here. E

Organizatlon Name I orephotonics Ltd.
Mailing Address Information For Applicant:

Address 2 IRamat Hachayal
cw I_—I

I——I
Email Address I 

Additional Applicant Data may be generated within this form by selecting the Add button. Add

  
Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title

37 of CFR to have an assignment recorded by the Office. 
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Attorney Docket Number COREPH-0159 US NP

 
 

 
 

Application Data Sheet 37 CFR 1.76 _ _
Application Number

DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING I NON-SWITCHING

Title of Invention DYNAMIC CONTROL

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

 

If the Assignee or Non-Applicant Assignee is an Organization check here. |:| 

 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 2 I

cw I——I—
countrv' I——I—

Email Address

 
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add button. Add

 
Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application

Data Sheet is submitted with the INITIAL filing of the application m either box A or B is n_ot checked in

subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must

also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic

entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a

patent practitioner, a_H joint inventors who are the applicant, or one or morejoint inventor-applicants who have been given

power of attorney (e.g., see USPTO Form PTO/AlA/81) on behalf of a_H joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

 

 

 

Signature Menachem Nathan] Date (YYYY-MM-DD) 017—01—08

First Name ENACHEM Last Name ATHAN Registration Number 5392

Additional Signature may be generated within this form by selecting the Add button. Add
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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_ _ Attorney Docket Number COREPH-0159 US NP
Appllcatlon Data Sheet 37 CFR 1.76 _ _

 Title of Invention DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING I NON-SWITCHINGDYNAMIC CONTROL

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and
Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents. P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter ofthe record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(0).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance ofa patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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PTO/NA/EC: (0742)
Approved for use through 11/30/2014. OMB 06555-05535

t.)8..atent and Trademark Office; U S DEPARTMENT CF COMMERCE
Under the Paperwork Reduction Aotef1995. no persons are required to respond to at:0:5ection of information unless it displays a vaiid OMB contra} number.

PGWER QF ATTGRNEY T9 PRQSECUTE APPLECATEQNS BEFGRE THE USPTQ

;: i hereby revoke all previous powers of attorney given in the application ideht. ed555 the etta hed statement
under 37 CFR 3.73/5; .

.. i hereby appoint:

E Practitioners associated with Customer Number:
QR

D Practitioner(55} naimed betow (if more than ten patent p535: tition55r:5 are to be named then a o55storner number m-u:5t'he used‘,5:
Registration . ' Registration

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection witi

any and ail patent appiioations assigned o__niv to the undersigned according to the USPTO assignment records or assignments documents

5’ ‘t5ed statement unoer 3! CFR 5.: 35‘s,- to:

City

Country

Telephone

3; w; , . , a. , w. Corephotonics Ltd.
. Assgnee Name and Address. 25 Habarzel 8L

Rama: Hachayal
Tel-Aviv, 6971035
ISRAEL

. A copy of this form, together With a statement under 37 CFR 333(6) (Form PTO/AiAi’é‘tfi or equwaiehti is required to he
33 Fiied in each eppiieatioh in which this form is used. The statement under 37 CFR 3. 73(6) may he compieted by one of

The practitioners appeinted555 this form, and must identify the eppiication in which this Power of Attorney”is to he fiied.
SEGNATURE of Assighee of Record

The individuai whose signature and titie is suppiied beiow is authorized to act 5:555 behaif of the assignee

Signature /Gal Shabtay/ Date 01 —08—20‘| 7

GAL SHABTAY .........+.........

 
’05 on ofmformat5on ' ’ " ' r * . is reo ed to ob or reet in a benefit byt-me put)!   

 
by the USPiC- to process‘- an ; .icaiion. L;Oi’lfidt‘rl"<4lity5:“5 governed by 35 U.S.{2.1. ando"7 "HM 11 and 1.14. 5his ooiiection is estimated to take 3 minutes
to complete, inoluding gathering p5eparir5g and submitting the .ompleted application form to the USPTO Tirne wil: vary depending upon the ind-5viduai 5: .. Any
comments on the amount of time you requhe to camp:ete t5 is torm and/or suggestionsIs forrrec’ucing this burden, shoutd |::5e sent to the Chief iniorrna ‘ Officer, 

US. Patent and Trademark Office, US. Department of Commerce, PO. BOX 1450, A!exandria VA 22353-1450. DC) NOl SEND FEES OR COB’EPLE:
FQRMS TC) Tl-iiS ADDRESS. SEND TO: Commissioner for F’atents. PRO. Box 1451), Aiexandria. VA 22313-1451).

5.55

it you need assistance in completing the form, cell 1-BOC—P'i'O—91QQ and select option 2. APPL-1002 / Page 57 Of 435
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Privacy Act Statement

The Privacy Act of 192m (at. more; requires that you be given certain information in connection with your

Submission of the attached ‘iorm related to a patent application or patent. Accordingiy, pursuant to the

requirements of the Act, piease be advised that: (t) the generai authority for the coilection of this information is 35

USC. 2(p)(2); (2) furnishing of the information solicited is voluntary; and (3) the principai purpose for which the

information is used by the US. Patent and Trademark Office is to process and/or examine your submission

rotated to a patent appiication or patent. if you do not furnish the reouested information, the US. Patent and

Trademark Office may not he ahie to process and/or examine your submission, which may resuit in termination of

proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form wiil be subject to the foiiowihg routine uses:

1. The information on this form wiii be treated confidentiaiiy to the extent ailowed under the Freedom of

information Act (5 USG. 552) and the Privacy Act (5 USE 552a). Records from this system of records
may he disciosed to the Department of Justice to determine whether disciosure of these records is

required hy the Freedom of inforrnatien Act.

2. A record from this system of records may be disciosed, as a routine use, in the course of presenting

evidence to a court, magistrate, or administrative tribunal, inciuding disciosures to opposing counsei in

the course of settiement negotiations.

3. A record in this system of records may be disciosed, as a routine use, to a Memher of Congress

suhmitting a request invoiving an individuai, to whom the record pertains, when the individuai has

requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disciosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shaii be required

to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 USE. 552a(m).

5. A record reiated to an international Appiication filed under the Patent Cooperation Treaty in this system of

records may be disclosed, as a routine use, to the internationai Bureau of the Worid inteilectuai Property

Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may he disciosed, as a routine use, to another'tederai agency for

purposes of National Security review (35 USC. 181) and for review pursuant to the Atomic Energy Act

(42 USC. 218(c)).

7. A record from this system of records may be disciesed, as a routine use, to the Administrator, General

Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s

responsibiiity to recommend improvements in records management practices and programs, under

authority of 44 USC. .2904 and 2906. Such disciosure shali be made in accordance with the GSA

reguiations governing inspection of records for this purpose, and any other reievant (to, GSA or

Commerce) directive. Such disciosure shail not he used to make determinations about individuais.

8. A record from this system of records may be disciosed. as a routine use. to the pubiic after either

puhiication of the appiication pursuant to 35 USS. 122th) or issuance of a patent pursuant to 35 USE.

151. Further, a record may he disciosed, subject to the iimitations of 37 CFR 1.14, as a routine use. to the

puhiic if the record was fiied in an appiication which became abandoned or in which the proceedings were
terminated and which application is referenced by either a pubiished appiication, an application open to

puhiic inspection or an issued patent.

S3. A record from this system of records may be disciosed. as a routine use. to a Federai, State, or iocai law

enforcement agency. if the USPTO becomes aware of a vioiation or potentiai vioiation of law or

reguiation.
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PTO/AlA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

Corephotonics Ltd.

Application No./Patent No.: 15324720 Filed/Issue Date: 2017'01'08

Titled' DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING / NON-SWITCHING DYNAMIC CONTROL

Corephotonics Ltd. . a COMPANY

Applicant/Patent Owner:
 

  

 

 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):

1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

I_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

C] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. I: The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. I: The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose % of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. E] A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To: 

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

2. From: To: 

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and Trademark
Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

 
Ifyon need assistance in completing theform, call I-800-PTO-9199 and select 0ptz'01:}\8F)l__1002 / Page 59 of 435
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PTO/AlA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
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STATEMENT UNDER 37 CFR 3.731c1

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

E Additional documents in the chain of title are listed on a supplemental sheet( ).

D As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (Le, a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

Gal Shabtay 01 —08—201 7

Signature Date

/Ga| Shabtay/ VP-R&D
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the US. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the US. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application Number 15324720 

Filing Date 2017-01-08 

IN FORMATION DISCLOSU RE First Named Inventor Noy Cohen 

STATEMENT BY APPLICANT Art Unit |
( Not for submission under 37 CFR 1.99)
 

Examiner Name    
Attorney Docket Number I COREPH-0159 US NP 

 
CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication

from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the

information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification

after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

El any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the

form of the signature.

NamelPrint Registration Number l-5392

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the

public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR

1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed

application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form andlor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND

FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

 

 
The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the

attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised

that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited

is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to

process and/or examine your submission related to a patent application or patent. If you do not furnish the requested

information, the U.S. Patent and Trademark Office may not be able to process andr'or examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record 5.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a

court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement

negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the

Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for

the information in order to perform a contract. Recipients of information shall be required to comply with the

requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records

may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant

to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or

his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to

recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and

2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AlA/15 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Pa erwork Reduction Act of 1995 no ersons are re-uired to resond to a collection of information unless it disla s a valid OMB control number

UTILITY

PATENT APPLICATION

TRANSMITTAL

(Onlyfor new nonprovisional applications under 37 CFR 1.53(b)) EXpreSS MG” Label No'—
APPLICATION ELEMENTS Commissioner for Patents

See MPEP chapter 600 concerning utility patent application contents. ADDRESS TO. P-O- BOX 1450
Alexandria, VA 22313-1450

1D FeeTransmittaI Form ACCOMPANYING APPLICATION PAPERS(PTO/SB/17 or equivalent)

2. I: Applicant asserts small entity status. 10‘ l:l Assignment Papers
See 37 CFR 127 (cover sheet & document(s))

3. D Applicant certifies micro entity status. See 37 CFR 1.29. Name Of ASSIgneeApplicant must attach form PTO/SB/15A or B or equivalent.

4. I: Specification [Total Pages ] 11. I: 37 CFR 3.73(C) Statement E Power of Attorney
Both the claims and abstract must start on a new page. (when there is an assignee)

(See MPEP § 608.01la)for information on the preferred arrangement) 12. B English Translation Document
5. I: Drawing(s) (35 U.S.C. 113) [Total Sheets (i'fapp/icab/e)
6. Inventor’s Oath or Declaration [Total Pages ] . Information Disclosure Statement

(including substitute statements under 37 CFR 1.64 and assignments (PTO/SB/08 or PTO-1449)

serving as an oath or declaration under 37 CFR 1.63(e)) Copies of Citations attached
a. D Newly executed (original or copy)

b. D A copy from a prior application (37 CFR 1.63(d)) Return Receipt Postcard
|:| Application Data Sheet * See note below. (MPEP § 503) (Should be specifically itemized)See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

 

Preliminary Amendment

. Certified Copy of Priority Document(s)
CD-ROM or CD-R (ifforeign priority is claimed)

In duplIcate, large table, or Computer Program (Appendix) 17. I: Nonpublication Request
|:' Landscape Table on CD Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35or equivalent.

9. Nucleotide and/or Amino Acid Sequence Submission , , . . . . . .
18. Other: Remarks - This is an IDS. Citation or Identification of any(if applicable, items a. — c. are required)
 

 

a. l:l Computer Readable Form (CRF) reference in this IDS shall not be construed as an admisswn
that such reference is available as prior art. 

b.|:| Specification Sequence Listing on:

i. |:' CD—ROM or CD—R (2 copies); or
ii.|:| Paper

C. D Statements verifying identity of above copies

 

 

*Note: (1) Benefit Claims under 37 CFR 1.78 and foreign priority Claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an

assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 92342 OR B Correspondence address below
 

Name

Address

City —_— zmcwe

Country — Teiephone—-

signature lMenachem Nathan/ 2017-01-08
Name Re is ra ion No.

(Pm/Type, MENACHEM NATHAN 65, 392
This collection of information'Is required by 37 CFR 1.53(b). The information'Is required to obtain or retain a benefit by the public which'Is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800—PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the US. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the US. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination
of proceedings or abandonment ofthe application or expiration ofthe patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter ofthe record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that
agency’s responsibility to recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the
proceedings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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(57) Abstract: A dual—aperture zoom digital camera oper—
able in both still and video modes. The camera includes

Wide and Tele imaging sections with respective
lens/sensor combinations and image signal processors and
a camera controller operativcly coupled to the Wide and
Tele imaging sections. The Wide and Tele imaging sec-
tions provide respective image data. The controller is con-
figured to combine in still mode at least some of the Wide
and Tele image data to provide a fused output image from
a particular point of view, and to provide without fusion
continuous zoom video mode output images, each output
image having a given output resolution, wherein the video
mode output images are provided with a smooth transition
when switching between a lower zoom factor (ZF) value
and a higher ZF value or vice versa, and wherein at the
lower ZF the output resolution is determined by the Wide
sensor While at the higher ZF value the output resolution
is determined by the Tele sensor.
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DUAL APERTURE ZOOM DIGITAL CAMERA

CROSS REFERENCE TO RELATED APPLICATIONS

This application is related to and claims priority from US Provisional Patent

Application No. til/834.486 having the same title and filed June. 13., 20l3, which is

incorporated herein by reference in its entirety.

FIELD

Embodiments disclosed herein relate in general to digital cameras and in particular to

thin zoom digital cameras with both still image and video capabilities

BACKGROUND

Digital camera modules are currently being incorporated into a rariety of host devices.

Such host devices include cellular telephones, personal data assistants (PDAs), computers,

and so forth. Consumer demand for digital camera modules in host devices continues to grow.

Host device manufacturers prefer digital camera modules to be small. so that they can

be incorporated into the host device without increasing its overall size. Further, there is an

increasing demand for such cameras to have higher—performance characteristics. One such

characteristic possessed by many higher—performance cameras (e.g., standalone digital still

cameras) is the ability to vary the focal length of the camera to increase and decrease the

magnification of the image. This ability, typically accomplished with a zoom lens, is known

as optical zooming. “Zoom" is commonly understood as a capability to provide different

triagriifications of the more scene andior object by changing the focai length of an optical

system. with a higher level of zoom associated with greater magnification and a lower ievei of

zoom associated with lower magnification. Optical zooming is typically accomplished by

mechanically moving lens elements relative to each other. Such zoom lenses are typically

more expensive, larger and less reliable than fixed focal length lenses. An alternative

approach for approximating the zoom effect is achieved with what is known as digital

zooming. W'ith digital zooming, instead of varying the focal length of the lens, a processor in

the camera crops the image and interpolates between the pixels of the captured image to

create a magnified but lower-resolution image.
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Attempts to use multi—a'perture imaging systems to approximate the effect of a zoom

lens are known. A multi—aperture imaging system (implemented for example in a digital

camera) includes a plurality of optical sub—systems (also referred to as "sub—cameras"). Each

sub—camera includes one or more lenses and/or other optical elements which define an

aperture such that received electro—magnetic radiation is imaged by the optical sub—system and

a resulting image is directed towards a two—dimensional (2D) pixelated image sensor region.

The image sensor (or simply "sensor") region is configured to receive the image and to

generate a set of image data based on the image. The digital camera may be aligned to receive

electromagnetic radiation associated with scenery having a given set of one or more objects.

The set of image data may be represented as digital image data, as well known in the art.

Hereinafter in this description, ”image" "image data” and "digital image data" may be used

interchangeably. Also, "object" and "scene" may be used interchangeably.

Multi-aperttu‘e imaging systems and associated methods are described for example in

US Patent Publications No. 2008/0030592, 2010/0277619 and 20ll/0064327. In US

2008/0030592, two sensors are operated simultaneously to capture an image imaged through

an associated lens. A sensor and its associated lens form a lens/sensor combination. The two

lenses have different focal lengths. Thus, even though each lens/sensor combination is

aligned to look in the same direction, each captures an image of the same subject but with two

different fields of view (FOVs). One sensor is commonly called “Wide” and the other “Tele”.

Each sensor provides a separate image, referred to respectively as “W'ide” (or “W”’) and

“Tele” (or “T”') images. A W—image reflects a wider FOV and has lower resolution than the T—

image. The images are then stitched (fused) together to form a composite (”fused”) image. In

the composite image, the central portion is fonned by the relatively higher-resolution image

taken by the lens/sensor combination with the longer focal length, and the peripheral portion

is formed by a peripheral portion of the relatively lower—resolution image taken by the

lens/sensor combination with the shorter focal length. The user selects a desired amount of

zoom and the composite image is used to interpolate values from the chosen amount of zoom

to provide a respective zoom image. The solution offered by US 2008/0030592 requires, in

video mode, very large processing resources in addition to high frame rate requirements and

high power consumption (since both cameras are fully operational).

US 2()l()/02776l9 teaches a camera with two lens/sensor combinations, the two lenses

having different focal lengths, so that the image from one of the combinations has a FOV

approximately 2—3 times greater than the image from the other combination. As a user of the

camera requests a given amount of zoom, the zoomed image is provided from the lens/sensor
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combination having a FOV that is next larger than the requested FOV. Thus, if the requested

FOV is less than the smaller FOV combination, the zoomed image is created from the image

captured by that combination, using cropping and interpolation if necessary. Similarly. if the

requested FOV is greater than the smaller FOV combination, the zoomed image is created

from the image captured by the other combination, using cropping and interpolation if

necessary. The solution offered by US 2010/0277619 leads to parallax artifacts when moving

to the Tele camera in video mode.

In both US 2008/0030592 and US 2010/02776l9, different focal length systems cause

Tele and Wide matching FOVs to be exposed at different times using CMOS sensors. This

degrades the overall image quality. Different optical F numbers (”F#") cause image intensity

differences. Working with such a dual sensor system requires double bandwidth support. i.e.

additional wires from the sensors to the following HVV component. Neither US 2008/0030592

nor US 2010/02776l9 deal with registration errors. Neither US 2008/000592 nor US

2010/02776l9 refer to partial fusion, i.e. fusion of less than all the pixels of both Wide and

Tele images in still mode.

US 2011/0064327 discloses multi—aperture imaging systems and methods for image

data fusion that include providing first and second sets of image data corresponding to an

imaged first and second scene respectively. The scenes overlap at least partially in an overlap

region, defining a first collection of overlap image data as part of the first set of image data,

and a second collection of overlap image data as part of the second set of image data. The

second collection of overlap image data is represented as a plurality of image data sub—

cameras such that each of the sub—cameras is based on at least one characteristic of the second

collection, and each sub—camera spans the overlap region. A fused set of image data is

produced by an image processor, by modifying the first collection of overlap image data

based on at least a selected one of. but less than all of, the image data sub—cameras. The

systems and methods disclosed in this application deal solely with fused still images.

None of the known art references provide a thin (eg. fitting in a cell—phone) dual-

aperture zoom digital camera with fixed focal length lenses, the camera configured to operate

in both still mode and video mode to provide still and video images. wherein the camera

configuration uses partial or full fusion to provide a fused image in still mode and does not

use any fusion to provide a continuous, smooth zoom in video mode.

Therefore there is a need for, and it would be advantageous to have thin digital

cameras with optical zoom operating in both video and still mode that do not suffer from

commonly encountered problems and disadvantages, some of which are listed above.
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SUNIIVIARY

Embodiments disclosed herein teach the use of dual-aperture (also referred to as dual-

lens or two—sensor) optical zoom digital cameras. The cameras include two sub—cameras. a

Wide sub~camera and a Tele subcamera, each sub—camera including a fixed focal length lens,

an image sensor and an image signal processor (ISP). The Tele sub-camera is the higher zoom

sub—camera and the Wide sub—camera is the lower zoom sub—camera. In some embodiments,

the lenses are thin lenses with short optical paths of less than about 9mm. In some

embodiments, the thickness/effective focal length (EFL) ratio of the Tele lens is smaller than

about i. The image sensor may include two separate 2D pixelated sensors or a single

pixelated sensor divided into at least two areas. The digital camera can be operated in both

still and video modes. In still mode, zoom is achieved "with fusion" (full or partial), by fusing

W and T images, with the resulting fused image including always information from both W

and T images. Partial fusion may be achieved by not using fusion in image areas where the

Tele image is not focused. This advantageously reduces computational requirements (e.g.

time).

In video mode, optical zoom is achieved "without fusion", by switching between the

W and T images to shorten computational time requirements, thus enabling high video rate.

To avoid discontinuities in video mode, the switching includes applying additional processing

blocks, which include image scaling and shifting.

In order to reach optical zoom capabilities, a different magnification image of the

same scene is captured (grabbed) by each camera sub—camera. resulting in FOV overlap

between the two sub—cameras. Processing is applied on the two images to fuse and output one

fused image in still mode. The fused image is processed according to a user zoom factor

request. As part of the fusion procedure, up—sampling may be applied on one or both of the

grabbed images to scale it to the image grabbed by the Tele sub-camera or to a scale defined

by the user. The fusion or tip—sampling may be applied to only some of the pixels of a sensor.

Down—sampling can be performed as well if the output resolution is smaller than the sensor

resolution. .

The cameras and associated methods disclosed herein address and correct many of the

problems and disadvantages of known dual—aperture optical zoom digital cameras. They

provide an overall zoom solution that refers to all aspects: optics, algorithmic processing and

system hardware (HW). The proposed solution distinguishes between Video and still mode in
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the processing flow and specifies the optical requirements and HW requirements. In addition,

it provides an innovative optical design that enables a low TTL/EFL ratio using a specific. lens

curvature order.

Due to the large focal length, objects that are in front or behind the plane of focus

appear very blurry. and a nice foreground—to—background contrast is achieved. However. it is

difficult to create such a blur using a compact camera with a relatively short focal length and

small aperture size, such as a cell-phone camera. In some embodiments, a dual—aperture zoom

system disclosed herein can be used to capture a shallow DOF photo (shallow compared with

a DOF of a Wide camera alone), by taking advantage of the longer focal length of the Tele

lens. The reduced DOF effect provided by the longer Tele focal length can be further

enhanced in the final image by fusing data from an image captured simultaneously with the

Wide lens. Depending on the distance to the object, with the Tele lens focused on a subject of

the photo, the W’ide lens can be focused to a closer distance than the subject so that objects

behind the subject appear very blurry. Once the two images are captured, information from

the out—of—focus blurred background in the Wide image is fused with the original Tele image

background information, providing a blurrier background and even shallower DOF.

In an embodiment there is provided a zoom digital camera compti sing a W’ide imaging

section that includes a fixed focal length Wide lens with a Wide FOV, a “Wide sensor and a

Wide image signal processor (181’), the Wide imaging section operative to provide Wide

image data of an object or scene; a Tele imaging section that includes a fixed focal length

Tele lens with a Tele FOV that is narrower than the Wide FOV, a Tele sensor and a Tele ISP,

the Tele imaging section operative to provide Tele image data of the object or scene; and a

camera controller operatively coupled to the Wide and Tele imaging sections, the camera

controller configured to combine in still mode at least some of the Wide and Tele image data

to provide a fused output image of the object or scene from a particular point of view (POV),

and to provide without fusion continuous zoom Video mode output images of the object or

scene, a camera controller operatively coupled to the Wide and Tele imaging sections. the

camera controller configured to combine in still mode at least some of the Wide and Tele

image data to provide a fused output image of the object or scene from a particular point of

View and to provide without fusion continuous zoom video mode output images of the object

or scene, each output image having a respective output resolution, wherein the video output

images are provided with a smooth transition when switching between a lower zoom factor

(2F) value and a higher ZF value or vice versa. wherein at the lower ZF value the output

resolution is determined by the Wide sensor, and wherein at the higher ZF value the output
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resolution is determined by the Tele sensor.

In an embodiment, the camera controller configuration to provide video output images

with a smooth transition when switching between a lower ZF value and a higher ZF value or

vice versa includes a configuration that uses at high ZF secondary information from the Wide

camera and uses at low ZF secondary information from the Tele camera. As used herein,

"secondary information" refers to white balance gain, exposure time, analog gain and color

correction matrix.

In a dual—aperture camera image plane, as seen by each sub—camera (and respective

image sensor), a given object will be shifted and have different perspective (shape). This is

referred to as point—of—view (POV). The system output image can have the shape and position

of either sub—camera image or the shape or position of a combination thereof. if the output

image retains the Wide image shape then it has the. Wide perspective POV. If it retains the

Wide camera position then it has the Wide position POV. The same applies for Tele images

position and perspective. As used in this description, the perspective POV may be of the Wide

or Tele sub—cameras, while the position POV may shift continuously between the Wide and

Tele sub—cameras. ln fused images, it is possible to register Tele image pixels to a matching

pixel set within the Wide image pixels, in which case the output image will retain the Wide

POV (“Wide fusion”). Alternatively, it is possible to register W'ide image pixels to a matching

pixel set within the Tele image pixels, in which case the output image will retain the Tele

POV (“Tele fusion”). It is also possible to perform the registration after either sub—camera

image is shifted. in which case the output image will retain the respective Wide or Tele

perspective POV.

In an embodiment there is provided a method for obtaining zoom images of an object

or scene in both still and video modes using a digital camera. the method comprising the steps

of providing in the digital camera a Wide imaging section having a Wide lens with a Wide

FOV, a Wide sensor and a Wide image signal processor USP), a Tele imaging section having

a Tele lens with a Tele FOV that is narrower than the Wide FOV, a Tele sensor and a Tele

ISP, and a camera controller operatively coupled to the Wide and Tele imaging sections; and

configuring the camera controller to combine in still mode at least some of the Wide and Tele

image data to provide a fused output image of the object or scene from a particular point of

View, and to provide without fusion continuous zoom video mode output images of the object

or scene, each output image having a respective output resolution, wherein the video mode

output images are provided with a smooth transition when switching between a lower ZF

value and a higher ZF value or vice versa, and wherein at the lower ZF value the output
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resolution is determined by the Wide sensor while at the higher ZF value the output resolution

is determined by the Tele sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

Non~limiting examples of embodiments disclosed herein are described below with

reference to figures attached hereto that are listed following this paragraph. The drawings and

descriptions are meant to illuminate and clarify embodiments disclosed herein. and should not

be considered limiting in any way.

FIG. lA shows schematically a block diagram illustrating a dual-aperture zoom

imaging system disclosed herein;

FIG. lB is a schematic mechanical diagram of the dual—aperture zoom imaging system

of FIG. lA:

FIG. 2 shows an example of W'ide sensor, Tele sensor and their respective FOVs;

FIG. 3 shows 3 schematically embodiment of CMOS sensor image grabbing vs. time;

FIG. 4 shows schematically a sensor time configuration which enables sharing one

sensor interface using dual sensor zoom system:

FIG. 5 shows an embodiment of a method disclosed herein for acquiring a zoom

image in capture mode;

FIG. 6 shows an embodiment of a method disclosed herein for acquiring a zoom

image in Video/preview mode:

FIG. 7 shows a graph illustrating an effective resolution zoom factor;

FIG. 8 shows one embodiment of a lens block in a thin camera disclosed herein;

FIG. 9 shows another embodiment of a lens block in a thin camera disclosed herein.

DETAILED DESCRIPTION

FIG. 1A shows schematically a block diagram illustrating an embodiment of a dual—

aperture zoom imaging system {also referred to simply as “digital camera” or "camera")

disclosed herein and numbered 100. Camera 100 comprises a Wide imaging section (“sub—

camera”) that includes a Wide lens block 102, a Wide image sensor 104 and a Wide image

processor 106. Camera 100 further comprises a Tele imaging section (“sub—camera") that

includes a Tele lens block 108, a Tele image sensor 110 and a Tele image processor 112. The

image sensors may be physically separate or may be part of a single larger image sensor. The
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Wide sensor pixel size can be equal to or different from the Tele sensor pixel size. Camera

100 further comprises a camera fusion processing core (also referred to as “controller”? 114

that includes a sensor control module 116‘ a user control module 118, a video processing

module 126 and a capture processing module 128, all operationally coupled to sensor control

block 110. User control module 118 comprises an operational mode function 120, a region of

interest (ROI) function 122 and a zoom factor (ZF) function 124.

Sensor control module 116 is connected to the two sub-cameras and to the user control

module 118 and used to choose, according to the zoom factor. which of the sensors is

operational and to control the exposure mechanism and the sensor readout. Mode choice

function 120 is used for choosing capture/video modes. ROI function 122 is used to choose a

region of interest. As used herein, “ROI” is a user defined as a sub—region of the image that

may be exemplarily 4% or less of the image area. The R01 is the region on which both suh~

cameras are focused on. . Zoom factor function 124 is used to choose a zoom factor. Video

processing module 126 is connected to mode choice function 120 and used for Video

processing. Still processing module 128 is connected to the mode choice function 120 and

used for high image quality still mode images. The Video processing module is applied when

the user desires to shoot in Video mode. The capture processing module is applied when the

user wishes to shoot still pictures.

FIG. 1B is a schematic mechanical diagram of the dual—aperture zoom imaging system

of FIG. lA. Exemplary dimensions: Wide lens TTL : 4.2mm and EFL : 3.5mm; Tele lens

TTL = 6mm and EFL = '7 mm: both Wide and Tele sensors 1/3 inch. External dimensions of

Wide and Tele cameras: width (w) and length (_l) = 8.5 mm and height (h) = 6.8 mm. Distance

"d" between camera centers = 10mm.

Following is a detailed description and examples of different methods of use of

camera 100.

Design for continuous and smooth zoom in Video mode

In an embodiment, in order to reach high quality continuous and smooth optical

zooming in video camera mode while reaching real optical zoom using fixed focal length sub—

cameras. the system is designed according to the following rules (Equations 1-3):

Tan {FOV’W'MQ/Tafl (FOVTdc) = PLVVidc/ PLvideo (1)

where Tan refers to “tangent”, while FOVWMC and FOVmc refer respectively to the \Vide and

APPL-1002 / Page 77 of 435



APPL-1002 / Page 78 of 435

10

15

20

25

3O

35

WO 2014/199338 PCT/IB2014/062180

Tele lens fields of View (in degrees). As used herein. the FOV is measured from the center

axis to the corner of the sensor (i.e. half the angle of the normal definition). PLWidc and 1314,1460

refer respectively to the “in—line” (ie in a line) number of Wide sensor pixels and in—line

number of output Video format pixels. The ratio Pngdc/PLMCO is called an “oversampling

ratio". For example. in order to get full and continuous optical zoom experience with a 12Mp

sensor (sensor dimensions 4000x3000) and a required 1080p (dimension 1920X1080) video

format. the FOV ratio should be 4000/ 1920:2083. Moreover, if the Wide lens FOV is given

as FOngde = 37.50, the required Tele lens FOV is ”20.20 The zoom switching point is set

according to the ratio between sensor pixels in—line and the number of pixels in—line in the

Video format and defined as:

stiteh:PLWide/ PLVideo (2)

Maximum optical zoom is reached according to the following formula:

Zmax= Tan (FOV\Vide)/Tan (FOV'l‘ele) * PLTele/ Pllvideo (3)

For example: for the configuration defined above and assuming PL-,«e;c=4000 and PLMCO=

1920, Zmax=4.35.

In an embodiment, the sensor control module has a setting that depends on the Wide

and Tele FOVs and on a sensor oversampling ratio, the setting used in the configuration of

each sensor. For example, when using a 4000x3000 sensor and when outputting a 1920x1080

image, the oversampling ratio is 4000/1920=2.0833.

In an embodiment. the Wide and Tele FOVs and the oversampling ratio satisfy the

condition

O.8*Pmee/ PLviden < Tan (FOVWidel/Tan (FOVTeie) <1 -3""Pmet~/ PLvideo- (4)

Still mode operation/function

In still camera mode, the obtained image is fused from information obtained by both

sub—cameras at all zoom levels, see FIG. 2, which shows a Wide sensor 202 and a Tele sensor

204 and their respective FOVst Exemplarily, as shown, the Tele sensor FOV is half the Wide

sensor FOV. The still camera mode processing includes two stages: (1) setting HVV settings

and configuration, where a first objective is to control the sensors in such a way that matching

FOVs in both images (Tole and Wide) are scanned at the same time. A second objective is to

control the relative exposures according to the lens properties. A third objective is to
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minimize the required bandwidth from both sensors for the ISPs; and (2) image processing

that fuses the \Vide and the Tele images to achieve optical zoom, improves SNR and provides

wide dynamic range.

FIG. 3 shows image line numbers vs. time for an image section captured by CMOS

sensors. A fused image is obtained by line (row) scans of each image. To prevent matching

FOVs in both sensors to be scanned at different times, a particular configuration is applied by

the camera controller on both image sensors while keeping the same frame rate. The

difference in FOV between the sensors determines the relationship between the rolling shutter

time and the vertical blanking time for each sensor. In the particular configuration, the

scanning is synchronized such that the same points of the object in each View are obtained

simultaneously.

Specifically with reference to FIG. 3. and according to an embodiment of a method

disclosed herein, the configuration to synchronize the scanning includes: setting the Tele

sensor vertical blanking time VB-mc to equal the Wide sensor vertical blanking time VBW-gdc

plus half the Wide sensor rolling shutter time RSngde; setting the Tele and W’ide sensor

exposure times ETME and ETWidC to be equal or different; setting the Tele sensor rolling

shutter time RSTTNe to be (l.5*RSTWide; and setting the frame rates of the two sensors to be

equal. This procedure results in identical image pixels in the Tele and Wide sensor images

being exposed at the same time

In another embodiment, the camera controller synchronizes the Wide and Tele sensors

so that for both sensors the rolling shutter starts at the same time.

The exposure times applied to the two sensors could be different, for example in order

to reach same image intensity using different F# and different pixel size for the Tele and Wide

systems. In this case, the relative exposure time may be configured according to the formula

below:

ETTele: ETWide‘(F#Tele/F#\Vide)2 ‘ (Pinil SiZBWide/Pixel Silerclelz (5)

Other exposure time ratios may be applied to achieve wide dynamic range and improved

SNR. Fusing two images with different intensities will result in wide dynamic range image.

In more detail with reference to FIG. 3, in the first stage, after the user chooses a

required zoom factor ZF, the sensor control module configures each sensor as follows:

l) Cropping index Wide sensor:

YWlde mm = 1/2'PCward 1- UZF)

10
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YVVide end = 1/2'PCVVjac(l+1/ZF)

where PC is the number of pixels in a column, and Y is the row number

2) Cropping index Tcle sensor:

If ZF> Tan (FOVWidQ/Tan (FOVTCLC), then

Y'l'ele star t: 1/2'PC'i'ele( 1-(1/ZF) ‘ Tan (FOV'releyTHIl (FOVwadeD

Ymc 6nd = l/2~PCT51¢(1+(l/ZF) . Tan (FOVTcxcflTan (FOVWMCD

If ZF < Tan (FOngdcyTan (FOVmc), then

Y Teie Start': 0

Y Tele end: PC’l‘ele

This will result in an exposure start time of the Tele sensor with a delay of (in numbers of

lines, relative to the Wide sensor start time):

(l-ZF/((Tan (FOVWideflTan (FOVTeJe)))' 1/(2'FPS) (6)

where FPS is the sensor's frame per second configuration. In cases where ZF> Tan

(FOVWMQ/Tan (FOVmg). no delay will he introduced between Tele and Wide exposure

starting point. For example, for a case where Tan (FOngdeflTan ("FOV-reickl and ZF=l, the

Tele image first pixel is exposed l/4-(l/FPS) second after the Wide image first pixel was

exposed.

After applying the cropping according to the required zoom factor. the sensor rolling

shutter time and the vertical blank should be configured in order to satisfy the equation to

keep the same frame rate:

VB\Vide+RSTWide= VBTele+RST'l'ele (7)

FlG. 3 exemplifies Eq. (7), One way to satisfy Eq. (7) is to increase the RS’l‘wm.

Controlling the RSTwm may be done by changing the horizontal blanking (HB) of the Wide

sensor. This will cause a delay between the data coming out from each row of the Wide

sensor.

Generally, working with a dual-sensor system requires multiplying the bandwidth to

the following block, for example the ISP. For example, using 12Mp working at 30fps, 10bit

per pixel requires working at 3.6Gbit/sec. ln this example, supporting this bandwidth requires

4 lanes from each sensor to the respective following ISP in the processing chain. Therefore.

11
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working with two sensors requires double bandwidth (7.2Gbit/sec) and 8 lanes connected to

the respective following blocks. The bandwidth can be reduced by configuring and

synchronizing the two sensors. Consequently, the number of lanes can be half that of a

conventional configuration (3.6Gbit/sec).

FIG. 4 shows schematically a sensor time configuration that enables sharing one

sensor interface using a dual~sensor zoom system, while fulfilling the conditions in the

description of FIG. 3 above. For simplicity, assuming the Tele sensor image is magnified by a

factor of 2 compared with the Wide sensor image. the Wide sensor horizontal blanking time

HBWide is set to twice the Wide sensor line readout time. This causes a delay between output

Wide lines. This delay time matches exactly the time needed to output two lines from the Tele

sensor. After outputting two lines from the Tele sensor. the Tele sensor horizontal blanking

time HEMe is set to be one W’ide line readout time, so, while the Wide sensor outputs a row

from the sensor, no data is being output from the Tele sensor. For this example, every 3'11 line

in the Tele sensor is delayed by an additional HERE In this delay time, one line from the

Wide sensor is output from the dualrsensor system. After the sensor configuration stage, the

data is sent in parallel or by using multiplexing into the processing section.

FIG. 5 shows an embodiment of a method disclosed herein for acquiring a zoom

image in still mode. In ISP step 502, the data of each sensor is transferred to the respective

ISP component, which performs on the data various processes such as denoising,

demosaicing, sharpening, scaling, etc, as known in the art. After the processing in step 502,

all following actions are performed in capture processing core 128: in rectification step 504,

both \Nide and Tele images are aligned to be on the epipolar line; in registration step 506,

mapping between the Wide and the Tele aligned images is perfonned to produce a registration

map; in resampling step 508, the Tele image is resampled according to the registration map,

resulting in a re—sampled Tele image; in decision step 510, the re—sampled Tele image and the

Wide image are processed to detect errors in the registration and to provide a decision output.

in more detail, in step 510, the re-sampled Tele image data is compared with the Wide image

data and if the comparison detects significant dissimilarities, an error is indicated. In this case,

the Wide pixel values are chosen to be used in the output image. Then, in fusion step 512, the

decision output, rc—sampled Tele image and the Wide image are fused into a single zoom

image.

To reduce processing time and power, steps 506, 508, 510, 512 could be bypassed by

not fusing the images in non—focused areas. in this case, all steps specified above should be

applied on focused areas only. Since the Tele optical system will introduce shallower depth of

12
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field than the \Vide optical system, defocused areas will suffer from lower contrast in the Teie

system.

Zoom—in and Zoom—out in still camera mode

We define the following: TFOV = tan (camera FOV/Z). “Low ZF” refers to all ZF that

comply with ZF < W'ide TFOV/Tele TFOV. “High ZF” refers to all ZF that comply with ZF >

Wide TFOV/Tele TFOV. “ZFT” refers to a ZF that complies with ZF 2 Wide TFOV/Tele

TFOV. in one embodiment, zoom—in and zoom—out in still mode is performed as follows:

Zoom—in: at low ZF up to slightly above ZFT, the output image is a digitally zoomed,

Wide fusion output. For the up—transfer ZF, the Tele image is shifted and corrected by global

registration (GR) to achieve smooth transition. Then, the output is transformed to a Tele

fusion output. For higher (than the up—transfer) ZF, the output is the Tele fusion output

digitally zoomed.

Zoom—out: at high ZF down to slightly below ZFT, the output image is a digitally

zoomed, Tele fusion output. For the down—transfer ZF, the Vv’ide image is shifted and

corrected by GR to achieve smooth transition. Then, the output is transformed to a Wide

fusion output. For lower (than the down—transfer) ZF, the output is basically the clown—transfer

ZF output digitally zoomed but with gradually smaller W’ide shift correction, until for ZF=1

the output is the unchanged W’ide camera output.

In another embodiment, zoom—in and zoom—out in still mode is performed as follows:

Zoom—in: at low ZF up to slightly above ZFT, the output image is a digitally zoomed,

W'ide fusion output. For the up-transfer ZF and above. the output image is the Tele fusion

output.

Zoom—out: at high ZF down to slightly below ZFT, the output image is a digitally

zoomed. Tele fusion output. For the down—transfer ZF and below, the output image is the

Wide fusion output.

Video mode operation/function

Smooth transition

When a dual—aperture camera switches the camera output between sub-cameras or

points of View. a user will normally see a "jump" (discontinuous) image change. However, a
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change in the zoom factor for the same camera and POV is Viewed as a continuous change. A

“smooth transition” is a transition between cameras or POVs that minimizes the jump effect.

This may include matching the position, scale, brightness and color of the output image

before and after the transition. However. an entire image position matching between the sub-

camera outputs is in many cases impossible, because parallax causes the position shift to be

dependent on the object distance. Therefore. in a smooth transition as disclosed herein, the

position matching is achieved only in the ROI region while scale brightness and color are

matched for the entire output image area.

Zoom-in and Zoom—out in video mode

In Video mode, sensor oversampling is used to enable continuous and smooth zoom

experience. Processing is applied to eliminate the Changes in the image during crossover from

one sub-camera to the other. Zoom from i to sthch is performed using the Wide sensor only.

From stiteh and on, it is performed mainly by the Tele sensor. To prevent “jumps” (roughness

in the image). switching to the Tele image is done using a zoom factor which is a bit higher

(stgmh +AZoom) than stimh. AZoom is determined according to the system’s properties and is

different for cases where zoom—in is applied and cases where zoom—out is applied (AZoomgni

AZoomout). This is done to prevent residual jumps artifacts to be visible at a certain zoom

factor. The switching between sensors. for an increasing zoom and for decreasing zoom, is

done on a different zoom factor.

The zoom Video mode operation includes two stages: (1) sensor control and

configuration. and (‘2) image processing. in the range from 1 to stmh. only the Wide sensor

is operational, hence. power can be supplied only to this sensor. Similar conditions hold for a

Wide AF mechanism. From ZS...1-[C1,+A2001n to an only the Tele sensor is operational, hence,

power is supplied only to this sensor. Similarly, only the Tele sensor is operational and power

is supplied only to it for a Tele AF mechanism. Another option is that the Tele sensor is

operational and the W'ide sensor is working in low frame rate. From stitch to stjmh'i'AZOOln,

both sensors are operational.

Zoom—in: at low ZF up to slightly above ZFT. the output image is the digitally

zoomed, unchanged Wide camera output. For the tip-transfer ZF. the output is a transformed

Tele sub—camera output, where the transformation is performed by a global registration (GR)

algorithm to achieve smooth transition. For higher (than the tip—transfer), the output is the

transfer ZF output digitally zoomed.
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Zoom-out: at high ZF down to slightly below ZFT, the output image is the digitally

zoomed transformed Tele camera output. For the down—transfer ZF, the output is a shifted

W’idc camera output, where the Wide shift correction is performed by the GR algorithm to

achieve smooth transition, i.e. with no jump in the ROI region. For lower (than the down-

transfer) ZF, the output is basically the down-transfer ZF output digitally zoomed but with

gradually smaller Wide shift correction, until for ZF=1 the output is the unchanged Wide

camera output.

FIG. 6 shows an embodiment of a method disclosed herein for acquiring a zoom

image in video/preview mode for 3 different zoom factor (ZF) ranges: (a) ZF range = l :

stitch; (b) ZF range : sthch : stach + AZoomm: and (0) Zoom factor range : stimh +

AZoom;n : 2m“. The description is with reference to a graph of effective resolution vs. zoom

value (FIG. 7). In step 602, sensor control module 116 chooses (directs) the sensor (Wide,

Tele or both) to be operational. Specifically, if the ZF range : l :stitch, module 116 directs the

Wide sensor to be operational and the Tele sensor to be non-operational, If the ZF range is

2mm : 2mm, + AZoomm, module 116 directs both sensors to be operational and the zoom

image is generated from the Wide sensor. If the ZF range is stimh + AZoomin : Zmax, module

116 directs the Wide sensor to he non-operational and the Tele sensor to be operational. After

the sensor choice in step 602, all following actions are performed in video processing core

126. Optionally, in step 604, color balance is calculated if two images are provided by the

two sensors. Optionally yet, in step 606, the calculated color balance is applied in one of the

images (depending on the zoom factor). Further optionally, in step 608, registration is

performed between the Wide and Tele images to output a transformation coefficient. The

transformation coefficient can be used to set an AF position in step 610. in step 612, an output

of any of steps 602-608 is applied on one of the images (depending on the zoom factor) for

image signal processing that may include denoising, demosaicing, sharpening, scaling, etc. In

step 614, the processed image is resampled according to the transformation coefficient, the

requested ZF (obtained from zoom function 124,) and the output video resolution (for example

1080p). To avoid a transition point to be executed at the same ZF, AZoom can change while

zooming in and while zooming out. This will result in hysteresis in the sensor switching point.

in more detail, for ZF range 1 : 25mm for ZF < mem the Wide image data is

transferred to the ISP in step 612 and resampled in step 614. For ZF range : 2mm, : 25mg}, +

AZoomm, both sensors are operational and the zoom image is generated from the Wide

sensor. The color balance is calculated for both images according to a given R01. in addition,

for a given ROI, registration is performed between the Wide and Tele images to output a

15

APPL-1002 / Page 84 of 435



APPL-1002 / Page 85 of 435

10

15

20

25

30

WO 2014/199338 PCT/IB2014/062180

transformation coefficient. The transformation coefficient is used to set an AF position. The

transformation coefficient includes the translation between matching points in the. two images.

This translation can be measured in a number of pixels. Different translations will result in a

different number of pixel movements between matching points in the images. This movement

can be translated into depth and the depth can be translated into an AF position. This enables

to set the AF position by only analyzing two images (W’ide & Tele). The result is fast

focusing.

Both color balance ratios and transformation coefficient are used in the ISP step. In

parallel, the Wide image is processed to provide a processed image, followed by resampling.

For ZF range : sthch + AZoomin : Zmax and for Zoom factor > sti‘ch, + AZoomin, the color

balance calculated previously is now applied on the Tele image. The Tele image data is

transfen'ed to the ISP in step 612 and resampled in step 614. To eliminate crossover artifacts

and to enable smooth transition to the Tele image, the processed Tele image is resampled

according to the transformation coefficient. the requested ‘ZF (obtained from zoom function

124) and the output video resolution (for example lOSOp).

FIG. 7 shows the effective resolution as a function of the zoom factor for a zoom-in

case and for a a zoom-out case AZoomup is set when we zoom in. and AZoomdown is set when

we zoom out. Setting AZoomup to be different from AZoomdmw will result in transition

between the sensors to be performed at different zoom factor (“hysteresis") when zoomvin is

used and when zoom-out is used. This hysteresis phenomenon in the video mode results in

smooth continuous zoom experience.

Optical Design

Additional optical design considerations were taken into account to enable reaching

optical zoom resolution using small total track length (TTL). These considerations refer to the

Tele lens. ln an embodiment, the camera is “thin” (see also FIG. 1B) in the sense that is has

an optical path of less than 9mm and a thickness/focal length (FF) ratio smaller than about

0.85. Exemplarily, as shown in FIG. 8, such a thin camera has a lens block that includes

(along an optical axis starting from an object) five lenses: a first lens element 802 with

positive power and two lenses 804 and 806 and with negative power. a fourth lens 808 with

positive power and a fifth lens 810 with negative power. In the embodiment of FIG. 8, the

EFL is 7 mm. the TIL is 4.7 mm, f = 6.12 and FOV = 200. Thus the Tele lens TTL/EEL ratio

is smaller than 0.9. In other embodiments, the Tele lens TTL/EFL ratio may be. smaller than 1.
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In another embodiment of a lens block in a thin camera, shown in FIG. 9, the camera

has a lens block that includes (along an optical axis starting from an object) a first lens

element 902 with positive power a second lens element 904 with negative power, a third lens

element with positive power 906 and a fourth lens element with negative power 908. and a

fifth filed lens element 910 with positive or negative power, In this embodiment. f 27.14. F#

= 3.5, TTL = 5.8mm and FOV = 02.7“.

In conclusion, dual aperture optical zoom digital cameras and associate methods

disclosed herein reduce the amount of processing resources. lower frame rate requirements,

reduce power consumption, remove parallax artifacts and provide continuous focus (or

provide loss of focus) when changing from \Vide to Tele in video mode. They provide a

dramatic reduction of the disparity range and avoid false registration in capture mode. They

reduce image intensity differences and enable work with a single sensor bandwidth instead of

two, as in known cameras.

All patent applications mentioned in this specification are herein incorporated in their

entirety by reference into the specification, to the same extent as if each individual patent

application was specifically and individually indicated to be incorporated herein by reference.

In addition, citation or identification of any reference in this application shall not be construed

as an admission that such reference is available as prior art to the present disclosure,

While this disclosure has been described in terms of certain embodiments and

generally associated methods, alterations and permutations of the embodiments and methods

will be apparent to those skilled in the art. The disclosure is to be understood as not limited by

the specific embodiments described herein, but only by the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A zoom digital camera comprising:

a) a Wide imaging section that includes a fixed focal length Wide lens with a Wide field

of view (FOV), a W'ide sensor and a \Vide image signal processor (TSP). the Wide imaging

section operative to provide Vt’ide image data of an object or scene;

b) a Tele imaging section that includes a fixed focal length Tele lens with a Tele FOV

that is narrower than the Wide FOV, a Tele sensor and a Tele TSP, the Tele imaging section

operative to provide Tele image data of the object or scene; and

c) a camera controller operatively coupled to the Wide and Tele imaging sections, the

camera controller configured to combine in still mode at least some of the Wide and Tele

image data to provide a fused output image of the object or scene from a particular point of

View and to provide without fusion continuous zoom video mode output images of the object

or scene, each output image having a respective output resolution;

wherein the video output images are provided with a smooth transition when

switching between a lower zoom factor (ZF) value and a higher ZF value or vice versa,

wherein at the lower ZF value the output resolution is determined by the Wide sensor, and

wherein at the higher ZF value the output resolution is determined by the Tele sensor.

2. The camera of claim 1, wherein the controller includes a user control module for

receiving user inputs and a sensor control module for configuring each sensor to acquire the

Wide and Tclc image data based on the user inputs.

3. The camera of claim 2, wherein the user inputs include a zoom factor, a camera mode

and a region of interest (ROl).

4. The camera of claim '2, wherein the sensor control module has a setting that depends

on the Wide and Tele fields of View and on a sensor oversampling ratio. the setting used in

the configuration of each sensor.

5. The camera of claim 4, wherein the Wide and Tele FOVs and the sensor oversampling

ratio satisfy the condition 0.8*Pme:/ Pngm30 < Tan (FOsz-defl'l‘an (FOVme) <1.2*PLw-lde/

PLYMCO, wherein PLWMC is an in-line number of Wide sensor pixels and wherein PLvidco is an

in-line number of output Video format pixels.
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6. The camera of claim 1. wherein the Tele lens includes a ratio of total length

(TTL)/eftective focal length (EFL) smaller than i.

7. The camera of claim 5 wherein each lens includes five lens elements.

8. The camera of claim 6, wherein the five elements have, in order from the object side,

positive-negative-negative—positive—negative powers.

9. The camera of claim 6, wherein the five elements have, in order from the object side.

positive—negative—positive—negative and positive or negative powers.

10. The camera of claim 1, wherein the camera controller configuration to provide video

output images with a smooth transition when switching between a lower ZF value and a

higher ZF value or vice versa includes a configuration that uses information either from the

Wide sensor or from the Tele sensor.

ll. The camera of claim l,wherein the camera controller configuration to provide video

output images with a smooth transition when switching between a lower ZF value and a

higher ZF value or vice versa includes a configuration that uses at. high ZF secondary

information from the Wide camera and uses at low ZF secondary information from the Tole

camera.

12. A method for obtaining zoom images of an object or scene in both still and video

modes using a digital camera, the method comprising the steps of:

a) providing in the digital camera a Wide imaging section having a Wide lens with a

W’ide field of view (FOV). a W’ide sensor and a Wide image signal processor (131’). a Tele

imaging section having a Tele lens with a Tele FOV that is narrower than the Wide FOV, a

Tele sensor and a Tele ISP, and a camera controller operatively coupled to the W’ide and Tele

imaging sections; and

b) configuring the camera controller to combine in still mode at least some of the Wide

and Tele image data to provide a fused output image of the object or scene from a particular

point of View, and to provide without fusion continuous zoom video mode output images of
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the object or scene. each output image having a respective output resolution. wherein the

video mode output images are provided with a smooth transition when switching between a

lower zoom factor (ZF) value and a higher ZF value or Vice versa, and wherein at the lower

ZF value the output resolution is determined by the Wide sensor while at the higher ZF value

the output resolution is determined by the Tele sensor.

13. The method of claim 12. wherein the step of configuring the camera controller to

provide without fusion continuous zoom Video mode output images of the object or scene

includes configuring each sensor with a setting that depends on the Wide and Tele FOVs and

on a sensor oversampling ratio.

14. The method of claim 13, wherein the Wide and Tele FOVs and the oversampling ratio

satisfy the COl'ldlIlOIl ().8*PLWH)E/ PLvideo < Tan (FOVWideyTan (FOVdee) <1-2*PL\Vide/ PLvideoa

wherein Pme is an inline number of Wide sensor pixels and PLw-dc0 is an in-line number of

output video format pixels.

15. The method of claim 12, wherein the step of configuring the camera controller to

provide without fusion continuous zoom video mode output images of the object or scene

includes performing a registration between the Wide and Tele images to output a

transformation coefficient and using the transformation coefficient to set an autofocus

position.

16. The method of claim 12. wherein the smooth transition is obtained when zooming-in

by switching between a lower ZF factor and a higher ZF factor at a first ZF value, and is

obtained when zooming—out by switching between a higher ZF factor and a lower ZF factor at

a second ZF value different from the first ZF value.

17. The method of claim 12, wherein the step of configuring the camera controller to

combine in still mode at. least some of the Wide and Tele image data to provide a fused output

image includes configuring the camera controller to combine Wide and Tele image data only

in focused areas.

18. The method of claim 12, wherein each lens has a different F number and wherein the

step of configuring the camera controller to combine in still mode at least some of the \Vide
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and Tele image data to provide a fused output image includes configuring the camera

controller to set an exposure time based on a ratio of the different P numbers.

19. The method of claim 12, wherein the step of wherein the step of configuring the

camera controller to combine in still mode at least some of the 'Wide and Tele image data to

provide a fused output image includes configuring the camera controller to set two images

with different intensities to provide a wide dynamic range image.

'20. The method of claim 12, wherein the step of configuring the camera controller to

combine in still mode at least some of the Wide and Tele image data to provide a fused output

image includes configuring the two sensors to obtain the fused image using a single sensor

bandwidth.

21. The method of claim 12, wherein the step of configuring the camera controller to

combine in still mode at least some of the Wide and Tele image data to provide a fused output

image includes configuring the camera controller to synchronize the Wide and Tele sensors to

force an overlap area in the object image to be exposed at the same time, wherein the

synchronizing includes:

i. setting a Tele sensor vertical blanking time VB-me to equal a Wide sensor

vertical blanking time VBWMC plus half a Wide sensor rolling shutter time RSTWME,

ii. setting respective Tele and W’ide sensor exposure times ET“e and EdeC to be

equal,

iii. setting a Tele sensor rolling shutter time RSTMG to be RSTWMJZ, and

iv. setting frame rates of the two sensors to be equal.

22. The method of claim 12, wherein the step of configuring the camera controller to

combine in still mode at least some of the ‘Wide and Tele image data to provide a fused output

image includes configuring the camera controller to synchronize the Wide and Tele sensors to

force the two sensors to start exposure at the same time.
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1. This opinion contains indications relating to the following items:

Box No. 1 Basis ofthe opinion

Box No. ll Priority . 1

Box No. . Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoncd statement under Rule 43 bis. 1 (a)(i) with regard to novelty. inventive step and industrial applicability;
citations and explanations supporting such statement

Box No. Vl Certain documents cited

Box No. VII Certain defects in the international application
DUE]EDDUfi

Box No. Vlll Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 1‘
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority 1‘
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.lbis(b) that written 1
opinions ofthis International Searching Authority will not be so considered.

ifthis opinion is, as provided above, considered to be a written opinion ofthe IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date ofmailing ofForm
PCT/IS A/220 or before the expiration of22 months from the priority date, whichever expires later.
For further options, see Form PCT/lSA/ZZO.
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WRITTEN OPINION OF THE International application No.
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PCT/182016/053803

Box No. 1 Basis of this opinion  

1. With regard to the language, this opinion has been established on the basis of:

IX! the international application in the language in which it was filed.

[3 a translation of the international application into which is the language ofatranslation
furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. E] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 43 bis. 1(a)).

3. a With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing: ‘

a. D forming part of the international application as filed:

D in the form of an Annex C/ST.25 text file.

[:1 on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule l3ter. 1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

or D fiirnished subsequent to the international filing date for the purposes of international search only:

C] in the form ofan Annex C/ST.25 text file (Rule lBter.l(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part ofthe application as
filed or does not go beyond the application as filed; as appropriate, were filmished.

5. Additional comments: 
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Box No. V Reasoned statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement 

Statement

Novelty (N)  

 

Inventive step (IS)  

 

Industrial applicability (IA)
 

 

 

2. Citations and explanations:

Claims 1, 2, 4—14, and 16-21 lack an inventive step under PCT Article 33(3) as being obvious over Corephotonics Ltd. (hereinafter
Corepholonics) in view of Bittner.

Regarding Claim 1, Corephotonics discloses a zoom digital camera (abstract) comprising: a) a Wide imaging section (camera 100
comprises a wide imaging section, page 7, lines 28-34; wide imaging section, page 5, lines 17-34) that includes a fixed focal length Wide
lens with a Wide field of view (wide lens block 102, page 7, lines 28-34; wide imaging section that includes a fixed focal length Wide lens
with a Wide FOV, page 5, lines 17-34) and a Wide sensor (wide image sensor 104, page 7, lines 28-34; a Wide sensor, page 5, lines
17-34), the Wide imaging section operative to provide Wide image data of an object or scene (fig. 1A shows arrangement of camera 100
with wide lens 102, wide sensor 104, wide lSP 106; the Wide imaging section operative to provide Wide image data of an object or scene,
page 5, lines 17-34); b) a Tele imaging section (camera 100 further comprises a Tele imaging section, page 7, lines 28-34; a Tele imaging
section, page 5, lines 17-34) that includes a fixed focal length Tele lens with a Tele FOV (Tele lens block 108, page 7, lines 28-34; a Tele
imaging section that includes a fixed focal length Tele lens with a Tele FOV, page 5, lines 17-34) that is narrower than the Wide FOV (as
shown, the Tele sensor FOV is half the Wide sensor FOV, page 9, lines 30-36; a Tele FOV that is narrower than the Wide FOV, page 5,
lines 17-34) and a Tele sensor (Tele image sensor 110, page 7, lines 28-34; a Tele sensor, page 5, lines 17—34), the Tele imaging section
operative to provide Tele image data of the object or scene (fig. 1A shows arrangement of camera 100 with Tele lens 108, Tele sensor
110, Tele lSP 112; the Tele imaging section operative to provide Tele image data of the object or scene, page 5, lines 1734); and c) a
camera controller (camera 100 further comprises a camera fusion processing core, also referred to as controller, 11Ar that includes a
sensor control module 116, user control module 118, video processing module 126, and capture processing module 128, page 8, lines
1—6; a camera controller, page 5, lines 17-34) operatively coupled to the Wide and Tele imaging sections (controller 114 is ‘operationally
coupled to sensor control block 110, page 8. lines 1—6; a camera controller operatively coupled to the Wide and Tele imaging sections,
page 5, lines 17—34), the camera controller configured to evaluate a criterion determined by inputs from both Wide and Tele image data
(the camera controller configured to combine in still mode at least some of the Wide and Tele image data to provide a fused output image
of the object or scene from a particular point of view to provide without fusion continuous zoom video mode output images of the object or
scene, page 5, lines 17-34), and, if the criterion is fulfilled, to output a zoom video output image that includes Wide image data in a
zoom-in operation between a lower zoom factor value and a higher ZF value (wherein the video output images are provided with a smooth
transition when switching between a lower zoom factor and a higher zoom factor value, page 5, lines 17—34; the camera controller
configuration to provide video output images with a smooth transition when switching between a lower ZF value and a higher ZF value or
vice versa includes a configuration that uses a high ZF secondary information from the Wide camera and uses a low ZF secondary
inionnalion from the Tele camera, page 6, lines 2-;7) gut lacks the explicit teaching of a noswitIching criterion; zoom video output image
that includes only WideImage data'In a zoom-in operation BittnerIs in the field of'image capture devices whic pe orm a combination of' . is rac and teaches a no—~switching criterion (theImage capture device 10 includes two
lenses/groups, of which one is a wide angle lens 20 and one is a normal lens 25 para. 17; the wide angle lens group 20Is initially placed
on the optical axis A; the processor 40 controls the capture and processing of images; the processor 40 controls the digital zoom operation
when the user activates the external zoom switch 60; at a predetermined point in the digital zoom process, the processor 40 causes a
switching element 50 to switch the normal lens 25 into optical axis A and restarts the digital zoom, para. 18; [prior to activation of switching" '
element 50, wide-angle lens 20 undergoes a zooming operationi); zoom video output image (to capture the scene, the user actuates an
image capture button 65 and the processor 40 causes the optodigitally enhanced scene to be stored in non-volatile memory 45, para. 23)
that includes only Wide image data in a zoom-in operation (the image capture device 10 includes two lenses/groups, of which one is a
wide angle lens 20 and one is a normal lens 25, para. 17; the wide angle lens group 20 is initially placed on the optical axis A; the
processor 40 controls the capture and processing of images; the processor 40 controls the digital zoom operation when the user activates
the external zoom switch 60; at a predetermined point in the digital zoom process, the processor 40 causes a switching element 50 to
switch the normal lens 25 into optical axis A and restarts the digital zoom, para. 18; (before switching to normal lens 25, wide angle lens is
digitally zoomed by processor 40 and the image that is output is from wide-angle lens in a zoom-in operation]). it would have been obvious
to one of ordinary skill in the art at the time of the invention to use the zoom video output image that includes only Wide image data in a
zoom—in operation of Bittner in the zoom digital camera of Corephotonics, The motivation would have been to allow some moderate digital
zooming which will not unacceptably deteriorate the image quality of an image capture system using a wide angle lens and a normal lens
(Blttner, para. 16),

Regarding Claim 13, Corepholonics discloses a method (method, page 4, lines 31—34; claim 12) for obtaining zoom images ofan object or
scene using a digital camera (abstract), comprising the steps of: a) providing in the digital camera a Wide imaging section (camera 100
comprises a wide imaging section, page '7, lines 28-34; wide imaging section, page 5, lines 17—34) having a Wide lens with a Vlfide field of
View (wide lens block 102, page 7, lines 28-34; wide imaging section that includes a fixed focal length Wide lens with a Wide FOV, page 5,
lines 17—34) and a Wide sensor (wide image sensor 104, page 7, lines 28-34; a Wide sensor, page 5, lines 17—34), a Tele imaging section
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(camera 100 further comprises a Tele imaging section, page 7, lines 28—34; a Tele imaging section, page 5, lines 17-34) having a Tele
lens with a Tele FOV (Tele lens block 108, page 7, lines 28—34; a Tele imaging section that includes a fixed focal length Tele lens with a
Tele FOV, page 5, lines 17-34) that is narrower than the Wide FOV (as shown, the Tele sensor FOV is half the Wide sensor FOV, page
9, lines 30-36; a Tele FOV that is narrower than the Wide FOV, page 5, lines‘l7-34) andra—Tele—sensor—(Tele-image—sensord’l 0,—page—7,— — ' ' ..
lines 28-34; a Tele sensor, page 5, lines 17-34), and a camera controller (camera 100 further comprises a camera fusion processing
core, also referred to as controller, 114 that includes a sensor control module 116, user control module 118. video processing module
126, and capture processing module 128, page 8, lines 1—6; a camera controller, page 5, lines 17-34) operatively coupled to the Wide
and Tele imaging sections (controller 114 is operationally coupled to sensor control block 110, page 8, lines 1—6; a camera controller
operatively coupled to the Wide and Tele imaging sections, page 5, lines 17-34); and b) configuring the camera controller to evaluate a
criterion determined by inputs from both Wide and Tele image data (the camera controller configured to combine in still mode at least
some of the Wide and Tele image data to provide a fused output image of the object or scene from a particular point of View to provide
without fusion continuous zoom video mode output images of the object or scene, page 5, lines 17—34), and, if the criterion is fulfilled, to
output a zoom video output image that includes only Wide image data in a zoom-in operation between a lower zoom factor (ZF) value
and a higher ZF value (wherein the video output images are provided with a smooth transition when switching between a lower zoom
factor and a higher zoom factor value, page 5, lines 17-34; the camera controller configuration to provide video output images with a
smooth transition when switching between a lower ZF value and a higher ZF value or vice versa includes a configuration that uses a high l,
ZF secondary information from the Wide camera and uses a low ZF secondary information from the Tele camera, page 6, lines 2-7); but ;
lacks the explicit teaching of a no-switching criterion. Bittner is in the field of image capture devices which perform a combination of i‘
digital and optical zoom techniques (abstract) and teaches a no—switching criterion (the image capture device 10 includes two
lenses/groups, of which one is a wide angle lens 20 and one is a normal lens 25, para. 17; the wide angle lens group 20 is initially placed
on the optical axis A; the processor 40 controls the capture and processing of images; the processor 40 controls the digital zoom
operation when the user activates the external zoom switch 60; at a predetermined point in the digital zoom process, the processor 40
causes a switching element 50 to switch the normal lens 25 into optical axis A and restarts the digital zoom, para. 18; [prior to activation
of switching element 50, wide-angle lens 20 undergoes a zooming operation]). it would have been obvious to one of ordinary skill in the
art at the time of the invention to use the zoom video output image that includes only Wide image data in a zoom-in operation of Bittner in
the zoom digital camera of Corephotonics. The motivation would have been to allow some moderate digital zooming which will not
unacceptably deteriorate the image quality of an image capture system using a wide angle lens and a normal lens (Bittner, para. 16). Regarding Claims 2, 14, Corephotonics discloses the camera of claim 1, the method of claim 13, respectively, and further teaches a shift
between the Wide and Tele images calculated by global registration (at low ZF up to slightly above ZFT, the output image is a digitally
zoomed, Wide fusion output; for the up—transfer ZF, the Tele image is shifted and corrected by global registration to achieve smooth
transition, page 13, lines 10—14); but lacks the teaching wherein the no-switching criterion includes a shift being greater than a first
threshold. Bittner is in the field of image capture devices which perform a combination of digital and optical zoom techniques (abstract)
and teaches a no—switching criterion (the image capture device 10 includes two lenses/groups, of which one is a wide angle lens 20 and
one is a normal lens 25, para. 17; the wide angle lens group 20 is initially placed on the optical axis A; the processor 40 controls the
capture and processing of images; the processor 40 controls the digital zoom operation when the user activates the external zoom switch
60; at a predetermined point in the digital zoom process, the processor 40 causes a switching element 50 to switch the normal lens 25
into optical axis A and restarts the digital zoom, para. 18; [prior to activation of switching element 50, wide-angle lens 20 undergoes a
zooming operation]) includes a shift being greater than a first threshold (the image capture device 10 includes two lenses/groups, of
which one is a wide angle lens 20 and one is a normal lens 25, para. 17; the wide angle lens group 20 is initially placed on the optical
axis A; the processor 40 controls the capture and processing of images; the processor 40 controls the digital zoom operation when the
user activates the external zoom switch 60; at a predetermined point in the digital zoom process, the processor 40 causes a switching
element 50 to switch the normal lens 25 into optical axis A and restarts the digital zoom, para. 18; [switch happens at predetermined
thresholdl). it would have been obvious to one of ordinary skill in the art at the time of the invention to use the no-switching criterion of
Blttner in the zoom digital camera of Corephotonics. The motivation would have been to allow some moderate digital zooming which will
not unacceptably deteriorate the image quality of an image capture system using a wide angle lens and a normal lens (Bittner, para. 16).

Regarding Claims 4, 16, Corephotonics discloses the camera of claim 1, the method of claim 13, respectively, but lacks the
teaching wherein the no-switching criterion includes an effective resolution of the Tele image being lowerthan an effective resolution of
the Wide image. Bittner is in the field of image capture devices which perform a combination of digital and optical zoom techniques
(abstract) and teaches a no-switching criterion (the image capture device 10 includes two lenses/groups, of which one is a wide angle
lens 20 and one is a normal lens 25, para. 17; the wide angle lens group 20 is initially placed on the optical axis A; the processor 40
controls the capture and processing of images; the processor 40 controls the digital zoom operation when the user activates the external
zoom switch 60; at a predetermined point in the digital zoom process, the processor 40 causes a switching element 50 to switch the
normal lens 25 into optical axis A and restarts the digital zoom, para. 18; [prior to activation of switching element 50, wide-angle lens 20
undergoes a zooming operation]) includes an effective resolution of a first zoom being lower than an effective resolution of a second
zoom (zooming is accomplished without the degradation that could occur at high powers of digital zoom, para. 7). it would have been
obvious to one of ordinary skill in the art at the time of the invention to use the zoom video output image that includes only Wide image
data in a zoom-in operation of Bittner in the zoom digital camera of Corephotonics. The motivation would have been to allow some
moderate digital zooming which will not unacceptably deteriorate the image quality of an image capture system using a wide angle lens
and a normal lens (Bittner, para. 16).
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Regarding Claims 5, 17, Corephotonics discloses the camera of claim 1, the method of claim 13, respectively. and further teaches a
criterion includes a number of corresponding features in the Wide and Tele images (the sensor control module has a setting that
depends on the Wide and Tele fields of view, claim 4; claim 10, 11); but lacks the teaching wherein the no—switching criterion includes a

capture devices which perform a combination of digital and optical zoom techniques (abstract) and teaches a no-switching criterion (the
image capture device 10 includes two lenses/groups, of which one is a wide angle lens 20 and one is a normal lens 25, para. 17; the

. wide angle lens group 20 is initially placed on the optical axis A; the processor 40 controls the capture and processing of images; the
processor 40 controls the digital zoom operation when the user activates the external zoom switch 60; at a predetermined point in the
digital zoom process, the processor 40 causes a switching element 50‘ to switch the normal lens 25 into optical axis A and restarts the
digital zoom, para. 18; [prior to activation of switching element 50, wide—angle lens 20 undergoes a zooming operation'j). it would have
been obvious to one of ordinary skill in the art at the time of the invention to use the no-switching criterion of Bittner in the zoom digital
camera of Corephotonlcs. The motivation would have been to allow some moderate digital zooming which will not unacceptably
deteriorate the image quality of an image capture system using a wide angle lens and a normal lens (Bittner, para. 16). Modified
Corephotonics lacks the explicit teaching of features being smaller than a third threshold. However, it would have been obvious to one of
ordinary skill in the art at the time of the invention to have the rid—switching criterion include a number of corresponding features in the
Wide and Tele images that are smaller than a third threshold, since, where the prior art has shown computations that use settings i
dependent upon information from the field of view, discovering the optimum or workable ranges involves only routine skill in the art. The
motivation would have been to allow a desired amount or level of accuracy, smoothness, scale, or resolution, as was known in the opticalor camera arts.

Regarding Claims 6, 18, Corephotonics discloses the camera of claim 1, the method of claim 13, respectively, and further teaches a
majority of objects imaged in an overlap area of the Wide and Tele images being calculated to be closer to the camera (configuring the
camera controller to synchronize the Wide and Tele sensors to force an overlap area in the object image to be exposed at the same time,
claim 21; page 4, lines 22-30; performing a registration between the Wide and Tele images to output a transformation coefficient and
‘using the transformation coefficient to set an autofocus position, claim 15; [to calculate autofocus position, camera needs to calculate
distance of objects in Wide, Tele imagesj); but lacks the teaching of the no~switching criterion; closer to the camera than a first threshold
distance. Bittner is in the field of image capture devices which perform a combination of digital and optical zoom techniques (abstract)
and teaches a no-switching criterion (the image capture device 10 includes two lenses/groups, of which one is a wide angle lens 20 and
one is a normal lens 25, para. 17; the wide angle lens group 20 is initially placed on the optical axis A; the processor 40 controls the
capture and processing of images; the processor 40 controls the digital zoom operation when the user activates the external zoom switch
60; at a predetermined point in the digital zoom process, the processor 40 causes a switching element 50 to switch the normal lens 25
into optical axis A and restarts the digital zoom, para. 18; [prior to activation of switching element 50, wide—angle lens 20 undergoes a
zooming operationj). It would have been obvious to one of ordinary skill in the art at the time of the invention to use the no~switching
cirterion of Bittner in the zoom digital camera of Corephotonics. The motivation would have been to allow some moderate digital zooming
which will not unacceptably deteriorate the image quality of an image capture system using a wide angle lens and a normal lens (Bittner,
para. 16). Modified Corephotonios lacks the explicit teaching of closer to the camera than a first threshold distance. However, it would .
have been obvious to one of ordinary skill in the art at the time of the invention to have the no-switching criterion include a majority of
objects imaged in an overlap area of the Wide and Tele images being calculated to be closer to the camera than a first threshold
distance, since, where the prior art has shown computations that use settings dependent upon information from the field of view,
discovering the optimum or workable ranges involves only routine skill in the art. The motivation would have been to allow a desired
amount or level of accuracy, smoothness, scale, or resolution, as was known in the optical or camera arts.

Regarding Claims 7, 19, Corephotonics discloses the camera of claim l, the method of claim 13, respectively, and further teaches some
of objects imaged in an overlap area of the Wide and Tele images being calculated to be closer while other objects imaged in the overlap
area of the Wide and Tele images being calculated to be farther (configuring the camera controller to synchronize the Wide and Tele
sensors to force an overlap area in the object image to be exposed at the same time, claim 21; page 4, lines 22-30; performing a
registration between the Wide and Tele images to output a transformation coefficient and using the transformation coefficient to set an
autofocus position, claim 15; [to calculate autotocus position, camera needs to calculate distance of objects in Wide, Tele images]).' but
lacks the teaching of the no-switohing criterion; closer than a second threshold distance; farther than a third distance threshold. Bittner is
in the field of image capture devices which perfom1 a combination of digital and optical zoom techniques (abstract) and teaches a
no—switching criterion (the image capture device 10 includes two lenses/groups, of which one is a wide angle lens 20 and one is a normal
lens 25, para. 17; the wide angle lens group 20 is initially placed on the optical axis A; the processor 40 controls the capture and
processing of images; the processor 40 controls the digital zoom operation when the user activates the external zoom switch 60; at a
predetermined point in the digital zoom process, the processor 40 causes a sWitching element 50 to switch the normal lens 251nto‘optical
axis A and restarts the digital zoom, para. 18; [prior to activation of switching element 50, wide—angle lens 20 undergoes a zooming
operation]). it would have been obvious to one of ordinary skill in the art at the time of the invention to use the no—switching cirterion of
Bittnor in the zoom digital camera of Corephotonics. The motivation would have been to allow some moderate digital zooming which will
not unacceptably deteriorate the image quality of an image capture system using a wide angle lens and a normal lens (Bittner, para. 16).
Modified Corephotonics lacks the explicit teaching of closer than a second threshold distance; farther than a third distance
threshold. However, it would have been obvious to one of ordinary skill in the art at the time of the invention to have the no-switching
criterion include some objects imaged in an overlap area of the Wide and Tele images being calculated to be closer than a second
threshold distance while other objects imaged in the overlap area of the Wide and Tele images being calculated to be farther than a third
distance threshold, since, where the prior art has shown computations that use settings dependent upon information from the field of
view, discovering the optimum or workable ranges involves only routine skill in the art. The motivation would have been to allow a desired
amount or level of accuracy, smoothness, scale, or resolution, as was known in the optical or camera arts.
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Regarding Claim 8, Corephotonics discloses the camera of claim 1, wherein the camera controller includes a user control module (user
control module 118, page 8, lines 1-6) for receiving user inputs (user zoom factor request, page 4, lines 22—3D) and a sensor control
module (image signal processor, page 4, lines 1-17; sensor control module 116, page 8 lines 7--18) for configuring each sensor to

_acquirertheAMdeandleleimagedatavbased—tentheusepinputs~(processingvisappliedvenvthetweimges—tofuseand—eutput—one—fuseel— —
image in still mode; the fused'Image is processed according to a user zoom factor request, page 4, lines 22—30; sensor control module
116 is connected to the two sub-cameras and to the user control module 118 and used to choose which of the sensors is operational and
to control the exposure mechanism and sensor readout, page 8, lines 7-18).

 
Regarding Claim 9, Corephotonics discloses the camera of claim 8, wherein the user inputs include a zoom factor (user zoom factor
request, page 4, lines 22-30), a camera mode and a region of interest (the user inputs include a zoom factor, a camera mode, and a
region of interest, claim 3; camera mode, page 8, lines 29—31; region ct interest function 122, page 8, lines 1~1 8).

Regarding Claim 10, Corephotonics discloses the camera of claim 1, teaches the Tale lens includes a ratio of total track length (TTL~
6mm, page 8, lines 19-23) to effective focal length (EFL= 7mm, page 8, lines 19-23) smaller than 1 (page 8 lines 19-23; claim 6; [6/7'Is
less than 1]).

Regarding Claim 11, Corephotonics discloses the camera of claim 1, wherein, if the no-switching criterion is not fulfilled, the camera
controllerIs further configured to output video outputImages with a smooth transition when switching between the lower ZF value and the
higher ZF value or vice versa, wherein at the lower ZF value the outputImage is determined by the Wide sensor, and wherein at the
higher ZF value the output image is determined by the Tele sensor (wherein the video output'Images are provided with a smoothtransition when switching between a lower zoom factor value and a higher ZF value or vice versa, wherein at the lower ZF value the

output resolution'is determined by the Wide sensor and wherein at the higher ZF value the output resolution'Is determined by the Talesensor, claim 1).

Regarding Claims 12, 20, Corephotonics discloses the camera of claim 1, the method of claim 13, respectively, wherein the camera
controller is further configured to combine in still mode, at a predefined range of ZF values, at least some of the Wide and Tele image
data to provide a fused output image of the object or scene from a particular point of view (wherein the step of configuring the camera
controller to combine in still mode at least some ‘of the Wide and Tele image data to provide a fused output image includes configuring
the camera controllerto combine Wide and Tele image data only in focused areas, claim 17).

Regarding Claim 21, modified Corephotonics discloses the method of claim 13, wherein the step of configuring the camera controller to
combine in still mode, at a predefined range of ZF values. at least some of the Wide and Tele image data to provide a fused output
image includes configuring the camera controller to combine Wide and Tele image data only in focused areas (wherein the step of

configuring the camera controller to combineIn still mode at least some of the Wide and Teie image data to provide a fused outputImageincludes configuring the camera controller to combine Wide and TaleImage data onlyIn focused areas, claim 17).
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WRITTEN OPINION OF THE . International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/l82016/053803

Supplemental Box 

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

Claims 3 and 15 lack an inventive step under PCT Article 33(3) as being obvious over Corephotonics Ltd. (hereinafter Corephotonics) in
View of Bittner and Choe et at. (hereinafter Choc).

~Regardihg€laimsaHéTGerepheteniesdisclesesthe-eameFacfelaim—1,—the~methodotclaim43fiespectively7andvfurthervtea '
disparity range (they provide a dramatic reduction of the disparity range, page 17, lines 7-13); global registration (global registration,
page 13, lines 10—14; performing a registration between the Wide and TeleImages to output a transformation coefficient, claim 15); but
lacks the teaching wherein the no-switching criterion includes a disparity range calculated by global registration, the disparity range being
greater than a second threshold. BittnerIs in the field of'Image capture devices which perform a combination of digital and optical zoom
techniques (abstract) and teaches a no—switching criterion (the image capture device 10 includes two lenses/groups, of which one is a '
wide angle lens 20 and one is a normal lens 25, para. 17; the wideangle lens group 20 is initially placed on the optical axis A; the
processor 40 controls the capture and processing of images;lthe processor 40 controls the digital zoom operation when the user
activates the external zoom switch 60; at a predetermined point in the digital zoom process, the processor 40 causes a switching. element
50 to switch the normal lens 25 into optical axis A and restarts the digital zoom, para. 18; [prior to activation of switching element 50,
wide-angle lens 20 undergoes a zooming operation]); and further teaches a no-switching criterion includes a value being greater than a
threshold (the image capture device 10 includes two lenses/groups, of which one is a wide angle lens 20 and one is a normal lens 25,
para. 17; the wide angle lens group 20 is initially placed on the optical axis A; the processor 40 controls the capture and processing of
images; the processor 40 controls the digital zoom operation when the user activates the external zoom switch 60; at a predetermined

- point in the digital zoom process, the processor 40 causes a switching element 50 to switch the normal lens 25 into optical axis A and
restarts the digital zoom para 18; [switching operations happens at predetermined thresholdi). It would have been obvious to one of
ordinary skill'In the art at the time of the invention to use the no—switching criterion of Bittner'In the zoom digital camera of Corephotonics.
The motivation would havebeen to allow somemoderate digital zooming which will not unacceptably deteriorate the'Image quality of an
image capture system using a wide angle lens and a normal lens (Bittner, para 16). Modified Corephotonics lacks the explicit teaching of
a disparity range calculated by global registration, the disparity range being greater than a second threshold. Choe is in the field of
accessing multiple different images of an object taken by one or more cameras (abstract) and teaches a disparity range calculated by
global registration (a first bundle adjustment can determine initial camera positions'In metric space; for input to a second bundle
adjustment, the technique can select two'Images and can generate a dense disparity map between the pair, some implementations can
compute the epipolar geometry between these twoImages using a plane + parallax approach, and can use mutual information for a
matching criteria; some implementations can select a pair of images with the lowest 2—D registration error, col. 5, lines 23—35). it would
have been obvious to one of ordinary skill in the art at the time of the invention to use the disparity range of Choe in the camera of
Corephotonics. The motivation would have been to allow the use of desired calculations, especially which take into account associated
errors (Choe, col. 5, lines 23-35). Modified Corephctonics lacks the explicit teaching that the disparity range is greater than a second
threshold. However, it would have been obvious to one of ordinary skill in the art at the time of the invention to use a disparity range
greater than a second threshold for the no—switching criterion, since, since, where the prior art has shown computations that use settings
dependent upon information from the field of view, discovering the optimum or workable ranges involves only routine skill in the art. The
motivation would have been to allow a desired amount or level of accuracy, smoothness, scale, or resolution, as was known in the opticalor camera arts.

Claims 1—21 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can
be made or used in industry. 
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For good and valuable consideration, the receipt and sufficiency of which is hereby

acknowledged, the undersigned:

NOY COHEN ODED GIGUSHINSKI NADAV GEVA

GAL SHABTAY ESTER ASHKENAZI RUTHY KATZ

EPHRAIM GOLDENBERG

(hereinafter called the "assignor(s)"), hereby sell(s), assign(s) and transfer(s) to:

Corephotonics Ltd.
25 Habarzel St.

Ramat Hachayal

Tel-Aviv, 6971035
Israel

(hereinafter called the "assignee(s)"), its/his successors, assignees, nominees or other legal

representatives, the Assignor's entire right, title and interest in and to the invention entitled:

DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND

SWITCHING / NON-SWITCHING DYNAMIC CONTROL

described and claimed in the following National Phase Application No. 15/324,720 identified as

Attorney docket No. COREPH—0159 US NP filed 01—08—2017;

and in and to said Patent Applications, and all original and reissued Patents granted therefor, and

all divisions and continuations thereof, including the right to apply and obtain Patents in all other

countries, the priority rights under International Conventions, and the Letters Patent which may

be granted thereon;

Signed and sealed this 8 day of January, 2017

NOY COHEN / Noy Cohen /

ODED GIGUSHINSKI _[Oded GigushinskI /

NADAV GEVA / Nadav Geva/

GAL SHABTAY / Gal Shabtay /

ESTER ASHKENAZI / Ester Ashkenazi /
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RUTHY KATZ / Ruthy Katz /

EPHRAIM GOLDENBERG / Ephraim Goldenberg _/
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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WIPO

D' 't IA S _ WORLDIgl a 66655 el‘Vlce INTELLECTUAL PROPERTY
(DAS) ORGANIZATION

CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A

DIGITAL LIBRARY

The International Bureau certifies that a copy of the patent application indicated

below has been available to the WIPO Digital Access Service since the date of

availability indicated, and that the patent application has been available to the

indicated Office(s) as of the date specified following the relevant Office code:

Document details: Country/Office: US

Filing date: 13 Aug 2015 (13.08.2015)

Application number: 62204667

Date of availability of document: 04 Sep 2015 (04.09.2015)

The following Offices can retrieve this document by using the access code:

JP, US, SE, NZ, KR, ES, GB, AU, IB, CN, Fl

Date of issue of this certificate: 27 Jun 2016 (27.06.2016)
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June 27, 2016

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT

APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.
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WWW
APPLICATION NUMBER: 62/204,667

FILING DATE: August 13, 2015

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY

APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS US62/204, 667
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PTO/AiA/EO (07—12}
Anarcved fer use through 11/301'2014. OMB east-0035

US. Patent and Trademark Office; U S. DEPARTMENT GE COMMERCE
Under the Paperwork Reductidn Act of 1995. no persons are required to respdnd to a cciiection of information uniess it dispiays a vaiid OMB cantrci number.

POWER QF ATTORNEY TO PROSECUTE ARRLECATTQNS BEFORE THE URPTQ 
i hereby reveke aii previcsus powers at attarney given in the app. catidn idem . . rte attached statement
under ’37 CFR 3.?3’ci.

i hereby appoint:

E

Registratien
Number

As attorney(s) or agentie) to represent the undersigned before the United States Patent and Trademark Office (US-PTO) in connection with
any and aii patent appiicetions assigned oniv to the undersigned ; ccording to the LJSPTO assignment records or assignments documents;
attached to this farm in accordance with 37 CPR 3.73(C‘).

tan-gt: the tztai'respdndehce address for the app!"

The address deseciated with Customer Number:

Add res;

City

Country

' 'i'eiepnone

....; . . q . . ..... Corephotonics Ltd
Aeegnee Name and Address. 25 Habarzel St

Ramat Hachayal
TeleAviV, 6971035ISRAEL

A copy of this farm, together with a statement under 37 CFR 3339?.) (Farm PTQIAHAIQE or equiveient) is required to he
Fiied in each eppiication in which this form is need, The statement under 3? CFR 3.73(c) may be campieted by one of
The practitimzere appeinted in this term and must identity the aphiicatidn in which this Power at” Atterney is in be fitted

SEGNATU RE of Assignee at Record
The inciiviciuai whose signature and fits is emptied beiow is authorized to act on behaif of the assignee

/GAL SHABTAY/ Bate 2015—08—13

GAL SHABTAY .........+.........
-n:e edgier. ‘n o. ‘ . . ' . . . n .,_ . . s requireo to at) .
by the USPTO t0 ‘. ‘ And 37 CFR 111 and 1.14. T
h; campiei‘e, inciudihg g .‘ ‘ . US i uuon the. indi 4a ..

.iire tub, eampm. its: form anti/m suggesnmse for :euuuir . " Chief infertile ion Officer,
US. Patent and Trademark Office, US. Department of Commerce, PO. Box 1450, Aiexandria, VA 2.433.13- . EES OR COMPLETED
FC-RMS TD THiS ADDRESS. SEND TO: Commissioner far Patents. PAD. Box 1450, Aiexandria, VA22313~145Q
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Privacy Act Statement

The Frivacy Act of 1am (Phi... §3~527§t requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingiy, pursuant to the
requirements of the Act, piease be advised that: (t) the general authority ior the coilection of this information is :35
USC. 2(bit2); (2) furnishing of the information solicited is voluntary; and (3) the principai purpose for which the
information is used by the US. Patent and Trademark Qi‘iice is to process andror examine your submission
reiated to a patent appiication or patent. it you do not furnish the requested information, the tit-3. Patent and
Trademarit Qt’tice may not he ahie to process andi'or examine your submission, which may resuit in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form wiil be subject to the ioiiowing routine uses:

Fit

The information on this form wiii be treated coniidentiaiiy to the extent aiiowed under the Freedom of
information Act (5 tit-3.0. 552) and the Privacy Act (5 USE 552a). Records from this system oi records
may he disciosed to the Department of Justice to determine whether disciosure of these records is
required by the Freedom of information Act.

A record from this system of records may he disciosed, as a routine use, in the course oi presenting
evidence to a court, magistrate, or administrative tribunal, inciuding disciosures to opposing counsei in
the course of settiement negotiations.

A record in this system of records may he disciosed, as a routine use, to a Member of Congress
submitting a request invoiving an individuai, to whom the record pertains, when the individuai has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disciosed, as a routine use, to a contractor of the Agency
having need for the information in order to pertorm a contract. Recipients of information shaii he required
to comply with the requirements ofthe Privacy Act of 1974, as amended, pursuant to 5 U333. 552aim).

A record reiated to an international Appiication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the internationai Bureau of the Worid inteiiectuai Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may he disciosed, as a routine use, to another federai agency for
purposes oi National Security review (35 USC. 181) and for review pursuant to the Atomic Energy Act
(42 USC. 21803)).

A record from this system of records may be disciosed. as a routine use. to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibiiity to recommend improvements in records management practices and programs, under
authority of 44 USC. 2904 and 2988. Such disciosure shalt be made in accordance with the GSA
reguiations governing inspection of records for this purpose, and any other reievant (tie, GSA or
Commerce) directive. Such disciosure shail not he used to make determinations about individuais.

A record from this system of records may be disciosed. as a routine use. to the pu'oiic after either
publication of the appiication pursuant to 35 USS-.8. 122(k)) or issuance of a patent pursuant to 35 USS.
151. Further, a record may he disciosed, subject to the iimitations of 37 CFR 1.14, as a routine use. to the
public it the record was iiied in an appiication which became abandoned or in which the proceedings were
terminated and which application is referenced by either a puhiished appiication, an application open to
public inspection or an issued patent.

A record from this system of records may be disciosed. as a routine use. to a Federai, State, or iocai law
enforcement agency. it the USPTO becomes aware of a vioiation or potentiai vioiation oi law or
reguiation.
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DUAL APERTURE ZOOM CABIERA WITH VIDEO SUPPORT AND SWITCHING /

NON-S‘VITCHING DYNAlVIIC CONTROL

FIELD

Embodiments disclosed herein relate in general to digital cameras and in particular to

zoom digital cameras with video capabilities

BACKGROUND

Digital camera modules are currently being incorporated into a variety of host devices.

Such host devices include cellular telephones, personal data assistants (PDAS), computers,

and so forth. Consumer demand for digital camera modules in host devices continues to grow.

Host device manufacturers prefer digital camera modules to be small, so that they can

be incorporated into the host device without increasing its overall size. Further, there is an

increasing demand for such cameras to have higher—performance characteristics. One such

characteristic possessed by many higher—performance cameras (e.g., standalone digital still

cameras) is the ability to vary the focal length of the camera to increase and decrease the

magnification of the image. This ability. typically accomplished with a zoom lens, is known

as optical zooming. “Zoom” is commonly understood as a capability to provide different

magnifications of the same scene and/or object by changing the focal length of an optical

system) with a higher level of zoom associated with greater magnification and a lower level of

zoom associated with lower magnification. Optical zooming is typically accomplished by

mechanically moving lens elements relative to each other. Such zoom lenses are typically

more expensive, larger and less reliable than fixed focal length lenses. An alternative

approach for approximating the zoom effect is achieved with What is known as digital

zooming. With digital zooming, instead of varying the focal length of the lens, a processor in

the camera crops the image and interpolates between the pixels of the captured image to

create a magnified but lower-resolution image.

Attempts to use multi-aperture imaging systems to approximate the effect of a zoom

lens are known. A multi-aperture imaging system (implemented for example in a digital

camera) includes a plurality of optical sub-systems (also referred to as "sub-cameras"). Each

sub-camera includes one or more lenses and/or other optical elements which define an
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aperture such that received electro—magnetic radiation is imaged by the optical sub-system and

a resulting image is directed towards a two-dimensional (2D) pixeiatecl image sensor region.

The image sensor (or simply "sensor") region is configured to receive the image and to

generate a set of image data based on the image. The digital camera may be aligned to receive

electromagnetic radiation associated with scenery having a given set of one or more objects.

The set of image data may be represented as digital image data. as well known in the art.

Hereinafter in this description. "image" ”image data" and "digital image data" may be used

interchangeably. Also. "object” and "scene“ may be used interchangeably. As used herein,

the term "object" is an entity in the real world imaged to a point or pixel in the image.

Multi-aperture imaging systems and associated methods are described for example in

US Patent Publications No. 2008/0030592, 2010/0277619 and 2011;0064327. In US

2008/0030592. two sensors are operated simultaneously to capture an image imaged through

an associated lens. A sensor and its associated lens form a lens/sensor combination. The two

lenses have different focal lengths. Thus, even though each lens/sensor combination is

aligned to look in the same direction, each captures an image of the same subject but with two

different fields of View (FOVs). One sensor is commonly called “Wide” and the other “Tele”.

Each sensor provides a separate image, referred to respectively as “Wide” (or “W”) and

“Tele” (or “T”) images. A VV—irnage reflects a wider FOV and has lower resolution than the T—

image. The images are then stitched (fused) together to form a composite ("fusec ") image. In

the composite image, the central portion is formed by the relatively higher-resolution image

taken by the lens/sensor combination with the longer focal length, and the peripheral portion

is formed by a peripheral portion of the relatively lower-resolution image taken by the

lens/sensor combination with the shorter focal length. The user selects a desired amount of

zoom and the composite image is used to interpolate values from the chosen amount of zoom

to provide a respective zoom image. The solution offered by US 2008/0030592 requires. in

video mode. very large processing resources in addition to high frame rate requirements and

high power consumption (since both cameras are fully operational).

US 2010,10277619 teaches a camera with two lens/sensor combinations, the two lenses

having different focal lengths, so that the image from one of the combinations has a FOV

approximately 2-3 times greater than the image from the other combination. As a user of the

camera requests a given amount of zoom, the zoomed image is provided from the lens/sensor

combination having a FOV that is next larger than the requested FOV. Thus, if the requested

FOV is less than the smaller FOV combination, the zoomed image is created from the image

captured by that combination. using cropping and interpolation if necessary. Similarly, if the
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requested FOV is greater than the smaller FOV combination, the zoomed image is created

from the image captured by the other combination, using cropping and interpolation if

necessary. The solution offered by US 2010/02776l9 leads to parallax artifacts when moving

to the Tele camera in video mode.

In both US 2008/0030592 and US 2010/0277619, different focal length systems cause

Tele and \Vide matching FOVs to be exposed at different times using CMOS sensors. This

degrades the overall image quality. Different optical F numbers ("F#”) cause image intensity

differences Working with such a dual sensor system requires double bandwidth support, i.e.

additional wires from the sensors to the following HW component. Neither US 2008/0030592

nor US 2010/0277619 deal with registration errors.

US 2011/0064327 discloses multi-aperture imaging systems and methods for image

data fusion that include providing first and second sets of image data corresponding to an

imaged first and second scene respectively. The scenes overlap at least partially in an overlap

region, defining a first collection of overlap image data as part of the first set of image data,

and a second collection of overlap image data as part of the second set of image data. The

second collection of overlap image data is represented as a plurality of image data sub-

cameras such that each of the sub-cameras is based on at least one characteristic of the second

collection, and each sub-camera spans the overlap region. A fused set of image data is

produced by an image processor, by modifying the first collection of overlap image data

based on at least a selected one of, but less than all of, the image data sub-cameras. The

systems and methods disclosed in this application deal solely with fused still images.

None of the known art references provide a thin (e. g. fitting in a cell-phone) dual-

aperture zoom digital camera with fixed focal length lenses, the camera configured to operate

in both still mode and video mode to provide still and video images. wherein the camera

configuration does not use any fusion to provide a continuous, smooth zoom in video mode.

Therefore there is a need for, and it would be advantageous to have thin digital

cameras with optical zoom operating in both video and still mode that do not suffer from

commonly encountered problems and disadvantages, some of which are listed above.

S UlVliVlARY

Embodiments disclosed herein teach the use of dual-aperture (also referred to as dual-

lens or two—sensor) optical 700m digital cameras. The cameras include two sub-cameras, a

Wide sub—camera and a Tele sub-camera, each sub—camera including a fixed focal length lens,
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an image sensor and an image signal processor (TSP). The Tele sub-camera is the higher zoom

sub-camera and the Wide sub-camera is the lower zoom sub-camera. In some embodiments,

the thickness/effective focal length (EFL) ratio of the Tele lens is smaller than about l. The

image sensor may include two separate 2D pixelated sensors or a single pixelated sensor

divided into at least two areas. The digital camera can be operated in both still and video

modes. In video mode, optical zoom is achieved "without fusion", by, in some embodiments,

switching between the W and T images to shorten computational time requirements, thus

enabling high video rate. To avoid discontinuities in video mode, the switching includes

applying additional processing blocks, which include in some embodiments image scaling and

shifting. In some embodiments, when a no-switching criterion is fulfilled, optical zoom is

achieved in video mode without switching.

As used herein, the term "video" refers to any camera output that captures motion by a

series of pictures (images). as opposed to "still mode" that friezes motion. Examples of

"video" in cellphones and smartphones include "video mode" or ”preview mode".

In order to reach optical zoom capabilities, a different magnification image of the

same scene is captured (grabbed) by each camera sub-camera, resulting in FOV overlap

between the two sub-cameras. Processing is applied on the two images to fiise and output one

fused image in still mode. The fused image is processed according to a user zoom factor

request. As part of the fusion procedure, tip—sampling may be applied on one or both of the

grabbed images to scale it to the image grabbed by the Tele sub-camera or to a scale defined

by the user. The fusion or up—sampling may be applied to only some of the pixels of a sensor.

Down-sampling can be performed as well if the output resolution is smaller than the sensor

resolution.

The cameras and associated methods disclosed herein address and correct many of the

problems and disadvantages of known dual-aperture optical zoom digital cameras. They

provide an overall zoom solution that refers to all aspects: optics, algorithmic processing and

system hardware (HW).

In a dual-aperture camera image plane, as seen by each sub-camera (and respective

image sensor), a given object will be shifted and have different perspective (shape). This is

referred to as point-of-view (POV). The system output image can have the shape and position

of either sub-camera image or the shape or position of a combination thereof If the output

image retains the Wide image shape then it has the Wide perspective POV. If it retains the

Wide camera position then it has the W'ide position POV. The same applies for Tele images

position and perspective. As used in this description, the perspective POV may be of the Wide
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or Tele sub-cameras, while the position POV may shift continuously between the Wide and

Tele sub-cameras. ln fused images, it is possible to register Tele image pixels to a matching

pixel set within the Wide image pixels, in which case the output image will retain the \Vide

POV (“Wide fusion”). Alternatively, it is possible to register Wide image pixels to a matching

pixel set within the Tele image pixels, in which case the output image will retain the Tele

POV (“Tele fusion”). It is also possible to perform the registration after either sub—camera

image is shifted, in which case the output image will retain the respective \Vide or Tele

perspective POV.

In an embodiment, there is provided a zoom digital camera comprising a Wide

imaging section that includes a fixed focal length Wide lens with a \Vide field of View (FOV)

and a Wide sensor, the Wide imaging section operative to provide Wide image data of an

object or scene, a Tele imaging section that includes a fixed focal length Tele lens with a Tele

FOV that is narrower than the Wide FOV and a Tele sensor, the Tele imaging section

operative to provide Tele image data of the object or scene, and a camera controller

operatively coupled to the Wide and Tele imaging sections, the camera controller configured

to evaluate a no-switching criterion determined by inputs from both Wide and Tele image

data, and, if the no-switching criterion is fulfilled, to output a zoom video output image that

includes only Wide image data in a zoom-in operation between a lower zoom factor (ZF)

value and a higher ZF value.

In an embodiment there is provided a method for obtaining zoom images of an object

or scene using a digital camera, comprising the steps of providing in the digital camera a

Wide imaging section having a Wide lens with a Wide FOV and a Wide sensor, a Tele

imaging section having a Tele lens with a Tele POV that is narrower than the \Vide FOV and

a Tele sensor, and a camera controller operatively coupled to the Wide and Tele imaging

sections, and configuring the camera controller to evaluate a no-switching criterion

determined by inputs from both Wide and Tele image data, and, if the no-switching criterion

is fulfilled, to output a zoom video output image that includes only Wide image data in a

zoom-in operation between a lower ZF value and a higher ZF value.

BRIEF DESCRlPTlON OF THE DRAWlNGS

Non-limiting examples of embodiments disclosed herein are described below with

reference to figures attached hereto that are listed following this paragraph. Identical

structures, elements or parts that appear in more than one figure are generally labeled with a
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same numeral in all the figures in which they appear. The drawings and descriptions are

meant to illuminate and clarify embodiments disclosed herein, and should not be considered

limiting in any way.

FIG. 1A shows exemplary feature points in an object;

FIG. lB shows schematically a block diagram illustrating a dual—aperture zoom

imaging system disclosed herein;

FIG. 1C is a schematic mechanical diagram of the dual—aperture zoom imaging system

of FIG. IA:

FIG. 2 shows an example of Wide sensor, Tele sensor and their respective FOVs;

FIG. 3 shows an embodiment of a method disclosed herein for acquiring a zoom

image in video/preview mode;

FIG, 4 shows a graph illustrating an effective resolution zoom factor.

DETAILED DESCRIPTION

Definitions:

Sharpness score: the gradients (:dx, dy) of the image are compared (subtraction) to the

gradients of its low pass filtered version. A higher difference indicates a sharper original

image. The result of this comparison is normalized with respect to the average variations (for

example, sum of absolute gradients) of the original image, to get an absolute sharpness score.

Edge score: for each image, the edges are found (for example, using Canny edge

detection) and the average intensity of gradients along them is calculated, for example, by

calculating the magnitude of gradients (dx, dy) for each edge pixel, summing the results

together and dividing by the total number of edge pixels. The result is the edge score.

Resolution metric: is calculated only on a region of interest (ROI) and gives a good

indication of the effective resolution level in the image. As used herein, “ROI” is a user

defined sub—region of the image that may be exemplarily 4% or less of the image area. The

effective resolution score can be derived from a combination of the sharpness and edge scores

for each image. for example by normalizing both to be between [0. l] and by taking their

average.

FIG. 1C shows schematically a block diagram illustrating an embodiment of a dual-

aperture zoom imaging system (also referred to simply as “digital camera” or "camera")

disclosed herein and numbered 100. Camera 100 comprises a \Vide imaging section (“sub-

camera”) that includes a Wide lens block 102, a ‘Wide image sensor 104 and a Wide image
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processor 106. Camera 100 further comprises a Tele imaging section (“sub-camera”) that

includes a Tele lens block 108, a Tele image sensor 110 and a Tele image processor 112. The

image sensors may be physically separate or may be part of a single larger image sensor. The

Wide sensor pixel size can be equal to or different from the Tele sensor pixel size. Camera

100 further comprises a camera fusion processing core (also referred to as “controller”) 114

that includes a sensor control module 116, a user control module 118, a video processing

module 126 and a capture processing module 128, all operationally coupled to sensor control

block 110. User control module 118 comprises an operational mode function 120, a ROI

function 122 and a zoom factor (ZF) function 124.

Sensor control module 116 is connected to the two sub-cameras and to the user control

module 118 and used to choose. according to the zoom factor, which of the sensors is

operational and to control the exposure mechanism and the sensor readout. Mode choice

function 120 is used for choosing capture/video modes. ROI function 122 is used to choose a

region of interest. The ROI is the region on which both sub-cameras are focused on. Zoom

factor function 124 is used to choose a zoom factor. Video processing module 126 is

connected to mode choice function 120 and used for video processing. It is configurabie to

evaluate a no-switching criterion determined by inputs from both Wide and Tele image data

and to make a decision regarding video output. Specifically, upon evaluation of a no—

switching criterion, if the no-switching criterion is fulfiiled, moduie 126 is configurable to

output a zoom video output image that includes only Wide image data in a zoom-in operation

between a lower zoom factor (ZF) value and a higher ZF value. If the no—switching criterion

is not fulfilled, module 126 is configurable to combine in stil'i mode, at a predefined range of

ZF values, at least some of the Wide and Tele image data to provide a fused output image of

the object or scene from a particular point of view. Still processing module 128 is connected

to the mode choice function 120 and used for high image quality still mode images. The video

processing module is applied when the user desires to shoot in video mode. The capture

processing module is applied when the user wishes to shoot still pictures.

FIG. 1D is a schematic mechanical diagram of the dual-aperture zoom imaging system

of FIG. 1C. Exemplary dimensions: Wide lens TTL = 4.2mm and EFL = 3.5mm; Tele lens

TTL = 6mm and EFL = 7 mm; both Wide and Tele sensors U3 inch. External dimensions of

Wide and Tele cameras: width (w) and length (l) = 8.5 mm and height (h) = 6.8 mm. Distance

"d" between camera centers = 10mm.

Following is a detailed description and examples of different methods of use of

camera 100.
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Still mode operation/function

In still camera mode, the obtained image is fused from information obtained by both

sub-cameras at all zoom levels, see FIG. 2, which shows a Wide sensor 202 and a Tele sensor

204 and their respective FOVs. Exemplarily, as shown, the Tele sensor FOV is half the Wide

sensor FOV. The still camera mode processing includes two stages: (1) setting HW settings

and configuration, where a first objective is to control the sensors in such a way that matching

FOVs in both images (Tele and Wide) are scanned at the same time. A second objective is to

control the relative exposures according to the lens properties. A third objective is to

minimize the required bandwidth from both sensors for the lSPs; and (2) image processing

that fuses the Wide and the Tele images to achieve optical zoom, improves SNR and provides

wide dynamic range.

FIG. 3 shows image line numbers vs. time for an image section captured by CMOS

sensors. A fused image is obtained by line (row) scans of each image. To prevent matching

FOVs in both sensors to be scanned at different times, a particular configuration is applied by

the camera controller on both image sensors while keeping the same frame rate. The

difference in FOV between the sensors determines the relationship between the rolling shutter

time and the vertical blanking time for each sensor.

Video mode operation/function

Smooth transition

When a dual-aperture camera switches the camera output between sub-cameras or

points of view, a user will normally see a "jump" (discontinuous) image change. However, a

change in the zoom factor for the same camera and POV is viewed as a continuous change. A

“smooth transition” (ST) is a transition between cameras or POVs that minimizes the jump

effect. This may include matching the position, scale, brightness and color of the output

image before and after the transition. However, an entire image position matching between

the sub-camera outputs is in many cases impossible, because parallax causes the position shift

to be dependent on the object distance. Therefore. in a smooth transition as disclosed herein,

the position matching is achieved only in the ROI region while scale brightness and color are

matched for the entire output image area.
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Zoom-in and Zoom-out in video mode

In video mode, sensor oversampling is used to enable continuous and smooth zoom

experience. Processing is applied to eliminate the changes in the image during crossover from

one sub-camera to the other. Zoom from 1 to stimh is performed using the \Vide sensor only.

From Zuvitch and on, it is performed mainly by the Tele sensor. To prevent “jumps“ (roughness

in the image), switching to the Tele image is done using a zoom factor which is a bit higher

(stgmh +AZoom) than stitch. AZoom is determined according to the system‘s properties and is

different for cases where zoom-in is applied and cases where zoom-out is applied (AZOOIDafifi

AZoomnui). This is done to prevent residual jumps artifacts to be visible at a certain zoom

factor. The switching between sensors. for an increasing zoom and for decreasing zoom, is

done on a different zoom factor.

The zoom video mode operation includes two stages: (1) sensor control and

configuration, and (2) image processing. In the range from l to 2mm), only the Wide sensor

is operational, hence, power can be supplied only to this sensor. Similar conditions hold for a

Wide AF mechanism. From stficfiAZoom to Zmax only the Tele sensor is operational, hence,

power is supplied only to this sensor. Similarly, only the Tele sensor is operational and power

is supplied only to it for a Tele AF mechanism. Another option is that the Tele sensor is

operational and the Wide sensor is working in low frame rate. From 2mm to stitch+AZoom,

both sensors are operational.

Zoom-in: at low ZF up to slightly above ZFr (the zoom factor that enables switching

between Wide and Tele outputs) the output image is the digitally zoomed. unchanged Wide

camera output. ZFT is defined as follows:

ZFT : Tan (FOVmaQ/Tan (FOVTele)

where Tan refers to “tangent”, while FOVWMe and FOVT61: refer respectively to the Wide and

Tele lens fields of view (in degrees). As used herein, the FOV is measured from the center

axis to the corner of the sensor (ie. half the angle of the normal definition). Switching cannot

take place below ZFT and it can above it.

In some embodiments for the tip-transfer ZF, as disclosed in co-invented and co-

owned US patent application 14,3657ll, the output is a transformed Tele sub-camera output,

where the transformation is performed by a global registration (GR) algorithm to achieve

smooth transition. As used herein " global registration" refers to an action for which the inputs

are the Wide and Tele images. The Wide image is cropped to display the same FOV as the

10
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Tele image. The Tele image is passed through a low pass filter (LPF) and resized to make its

appearance as close as possibie to the Wide image (iower resolution and same pixel count).

The outputs of GR are corresponding feature point pairs in the images along with their

disparities, and parameters for differences between the images, i.e. shift and scaie. As used

herein, "feature point" refers to a point such as see points lOa—d in FIG. 1A and refers to a

point (pixel) of interest on an object in an image. For purposes set forth in this description, a

feature point should be reproducibie and invariant to changes in image scale, noise and

illumination. Such points usually lie on corners or other high-contrast regions of the object.

Stages of GR

In some exemplary embodiments. globai registration may be performed as follows:

1. Find interest points (features) in each image separately by filtering it with,

exemplarily, a Difference of Gaussians filter and finding local extrema on the resulting image.

2. Find feature correspondences (features in both images that describe the same point in

space) in a "matching" process. These are also referred to as "feature pairs", "correspondence

pairs" or "matching pairs". This is done by comparing each feature point from one (Tele or

Wide) image (referred to hereinafter as "image 1") to all feature points in that region from the

other (respectiveiy Wide or Tele) image (referred to hereinafter as "image 2"). The features

are compared oniy within their group of minima/maxima, using patch normaiized cross-

correlation. As used herein, "patch" refers to a group of neighboring pixels around an origin

pixel.

3. The normalized cross correlation of two image patches t(x, y) and f(x, y) is

1 (f(x.y) *f)(t(xiy)* 5)
52x31—a a where n is the number of pixels in both patches, f is the average of ff t

and (if is the standard deviation of f. A match for a feature point from image 1 is only

confirmed if its correlation score is much higher (for example, xl.2) than the next-best

matching feature from image 2.

4. Find the disparity between each pair of corresponding features (also referred to as

"matching pair") by subtracting their x and y coordinate values.

5. Filter bad matching points:

a. Foilowing the matching process, matches that include feature points from image 2 that

were matched to more than one feature from image I are discarded.

11
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b. Matching pairs whose disparity is inconsistent with the other matching pairs are

discarded. For example, if there is one corresponding pair which whose disparity is lower or

higher than the others by 20 pixels.

6. The localization accuracy for matched points from image 2 is refined by calculating a

correlation of neighboring pixel patches from image 2 with the target patch (the patch around

the current pixei (of the current matching pair) from image 1, modeling the results as a

parabola and finding its maximum.

7. Rotation and fine scale differences are calculated between the two images according to

the matching points (for example, by subtracting the center of mass from each set of points,

i.e. the part of the matching points belonging to either the \Vide or the Tele image, and

solving a least squares problem).

8. After compensating for these differences, since the images were rectified, the disparity

in the Y axis should be close to 0. Matching points that do not fit this criterion are discarded.

9. Finally, the remaining matching points are considered true and the disparities for them

are calculated. A weighted average of the disparity is taken as the shift between both images.

The maximum difference between disparity values is taken as the disparity range.

it). At various stages during GR, if there are not enough feature/matching points

remaining, the GR is stopped and returns a failure flag.

In addition, it is possible to find range calibration to the rectification process by

finding the shifll = shift for objects at infinity and defining shiftD=shift-shiftl and disparity D

focalLength-baseténe
= disparity—shiftl. We then calculate object distance = wheredisparityD‘pixelSize ’

"baseline" is the distance between cameras.

Returning now to the Zoom—in process, in some embodiments, for higher ZF than the

up—transfer ZF the output is the transformed Tele sub-camera output, digitally zoomed.

However, in other embodiments for the up-transfer ZF there will be no switching from the

Wide to the Tele sub-camera output, i.e. the output wiil be from the Wide sub-camera,

digitally zoomed. This "no switching" process is described next.

No Switching

Switching from the Wide sub-camera output to the transformed Tele sub-camera

output will be performed unless some special condition (criterion), determined based on

inputs obtained from the two sub-camera images, occurs. In other words, switching will not

be performed only if at least one of the following no-switching criteria is fulfilled:

12
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1. if the shift calculated by GR is greater than a first threshold, for example 50 pixels.

2. if the disparity range calculated by GR is greater than a second threshold, for example

20 pixels, because in this case there is no global shift correction that will suppress

movement/jump for all objects distances (smooth transition is impossible for all objects).

3. if the effective resolution (a result of the resolution metric) of the Tele image is lower

than that of the \Vide image. In this case, there is no point in performing the transition

because no value (Le. resolution) is gained. Smooth transition is possible but undesirable.

4. if the GR fails, i.e. if the number of matching pairs found is less than a third threshold,

for example 20 matching pairs.

5. if, for example, that are imaged onto the overlap area are calculated to be closer than a

first threshold distance, for example 30 cm, because this can result in a large image shift to

obtain ST.

6. if some objects (for example two objects) that are imaged in the overlap area are

calculated to be closer than a second threshold distance, for example 50 cm. while other

objects (for example two objects) are calculated to be farther than a third distance threshold,

for example 10 m. The reason is that the shift between an object position in the Wide and Tele

sub-cameras is object distance dependent, where the closer the objects the larger the shift, so

an image containing significantly close and far objects cannot be matched by simple

transformation (shift scale) to be similar and thus provide ST between cameras.

Zoom-out: at high ZF down to slightly below ZFT, the output image is the digitally

zoomed transformed Tele camera output. For the down-transfer ZF. the output is a shifted

Wide camera output, where the Wide shift correction is performed by the GR algorithm to

achieve smooth transition, i.e. with no jump in the ROI region. For lower (than the down-

transfer) ZF. the output is basically the down-transfer ZF output digitally zoomed but with

gradually smaller Wide shift correction, until for ZF=l the output is the unchanged Wide

camera output.

Note that if a no-switching criterion is not fulfilled, then the camera will output

without fusion continuous zoom video mode output images of the object or scene, each output

image having a respective output resolution, the video output images being provided with a

smooth transition when switching between the lower ZF value and the higher ZF value or vice

versa, wherein at the lower ZF value the output resolution is determined by the Wide sensor,

and wherein at the higher ZF value the output resolution is determined by the Tele sensor.

FIG. 3 shows an embodiment of a method disclosed herein for acquiring a zoom

image in video/preview mode for 3 different zoom factor (ZF) ranges: (a) ZF range = l :

13
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stitch; (b) ZF range : stitch : stitch + AZoomgn: and (c) Zoom factor range : st‘itch +

AZoomm : Zmax. The description is with reference to a graph of effective resolution vs. zoom

value (FIG. 7). In step 302, sensor control module 116 chooses (directs) the sensor (Wide,

Tele or both) to be operational. Specifically, if the ZF range : l:stach, module 116 directs the

Wide sensor to be operational and the Tele sensor to be non-operational. If the ZF range is

stirch 1 stitch + AZOOlTlin, module 116 directs both sensors to be operational and the zoom

image is generated from the Wide sensor. If the ZF range is 25mm}, + AZoomm ; Zmax, module

116 directs the Wide sensor to be non-operational and the Tele sensor to be operational. After

the sensor choice in step 302, all following actions are performed in Video processing core

126. Optionally, in step 304, color balance is calculated if two images are provided by the

two sensors. Optionally yet, in step 306, the calculated color balance is applied in one of the

images (depending on the zoom factor). Further optionally, in step 308, registration is

performed between the Wide and Tele images to output a transfonnation coefficient. The

transformation coefficient can be used to set an AP position in step 310. In step 312, an output

of any of steps 302-308 is applied on one of the images (depending on the zoom factor) for

image signal processing that may include denoising, demosaicing, sharpening, scaling, etc. In

step 314, the processed image is resampled according to the transformation coefficient, the

requested ZF (obtained from zoom function 124) and the output Video resolution (for example

1080p). To avoid a transition point to be executed at the same ZF, AZoom can change while

zooming in and while zooming out. This will result in hysteresis in the sensor switching point.

In more detail. for ZF range I: stitch, for ZF < stmh, the Wide image data is

transferred to the ISP in step 312 and resampled in step 314. For ZF range = stgwh : meh +

AZoomm, both sensors are operational and the zoom image is generated from the Wide

sensor. The color balance is calculated for both images according to a given ROI. In addition,

for a given ROI, registration is performed between the Wide and Tele images to output a

transformation coefficient. The transformation coefficient is used to set an AP position. The

transformation coefficient includes the translation between matching points in the two images.

This translation can be measured in a number of pixels. Different translations will result in a

different number of pixel movements between matching points in the images. This movement

can be translated into depth and the depth can be translated into an AP position. This enables

to set the AF position by only analyzing two images ('Wide & Tele). The result is fast

focusing.

Both color balance ratios and transformation coefficient are used in the ISP step. In

parallel, the \Vide image is processed to provide a processed image, followed by resampling.

14
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For ZF range : Zsmrch + AZoormn : Zmax and for Zoom factor > stimh) + AZoomm, the color

balance calculated previously is now applied on the Tele image. The Tele image data is

transferred to the ISP in step 312 and resampled in step 314. To eliminate crossover artifacts

and to enable smooth transition to the Tele image, the processed Tele image is resampled

according to the transformation coefficient, the requested ZF (obtained from zoom function

124) and the output video resolution (for example 1080p).

FIG. 4 shows the effective resolution as a function of the zoom factor for a zoom-in

case and for a zoom—out case AZoomup is set when we zoom in, and AZoomdmm is set when

we zoom out. Setting AZoornup to be different from AZoomiimm will result in transition

between the sensors to be performed at different zoom factor (“hysteresis”) when zoom-in is

used and when zoom-out is used. This hysteresis phenomenon in the video mode results in

smooth continuous zoom experience.

In conclusion, dual aperture optical zoom digital cameras and associate methods

disclosed herein reduce the amount of processing resources, lower frame rate requirements,

reduce power consumption, remove parallax artifacts and provide continuous focus (or

provide loss of focus) when changing from W'ide t0 Tele in Video mode. They provide a

dramatic reduction of the disparity range and avoid false registration in capture mode. They

reduce image intensity differences and enable work with a single sensor bandwidth instead of

two, as in known cameras.

All patent applications mentioned in this specification are herein incorporated in their

entirety by reference into the specification, to the same extent as if each individual patent

application was specifically and individually indicated to be incorporated herein by reference.

in addition, citation or identification of any reference in this application shall not be construed

as an admission that such reference is available as prior art to the present disclosure.

While this disclosure has been described in terms of certain embodiments and

generally associated methods, alterations and permutations of the embodiments and methods

will be apparent to those skilled in the art. The disclosure is to be understood as not limited by

the specific embodiments described herein, but only by the scope of the appended claims.
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WHAT IS CLAIlVIED IS:

1. A zoom digital camera comprising:

a) a Wide imaging section that includes a fixed focal length Wide lens with a Wide field

of view (FOV) and a Wide sensor, the Wide imaging section operative to provide Wide image

data of an object or scene;

b) a Tele imaging section that includes a fixed focal length Tele lens with a Tele FOV

that is narrower than the Wide FOV and a Tele sensor, the Tele imaging section operative to

provide Tele image data of the object or scene; and

c) a camera controller operatively coupled to the Wide and Tele imaging sections, the

camera controller configured to evaluate a no-switching criterion determined by inputs from

both Wide and Tele image data, and, if the no-switching criterion is fulfilled, to output a zoom

video output image that includes only Wide image data in a zoom—in operation between a

lower zoom factor (ZF) value and a higher ZF value.

2. The camera of claim 1, wherein the no-switching criterion includes a shift between the

Wide and Tele images calculated by global registration, the shift being greater than a first

threshold.

3. The camera of claim 1, wherein the no—switching criterion includes a disparity range

calculated by global registration, the disparity range being greater than a second threshold.

4. The camera of claim 1, wherein the no—switching criterion includes an effective

resolution of the Tele image being lower than an effective resolution of the Wide image.

5. The camera of claim 1, wherein the no—switching criterion includes a number of

corresponding features in the Wide and Tele images being smaller than a third threshold.

6. The camera of claim l, wherein the no—switching criterion includes a majority of

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer to

the camera than a first threshold distance.
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7. The camera of claim 1? wherein the no-switching criterion includes some objects

imaged in an overlap area of the Wide and Tele images being calculated to be closer than a

second threshold distance While other objects imaged in the overlap area of the Wide and Tele

images being calculated to be farther than a third distance threshold.

8. The camera of claim 1, wherein the camera controller includes a user control module

for receiving user inputs and a sensor control module for configuring each sensor to acquire

the Wide and Tele image data based on the user inputs.

9. The camera of claim 8, wherein the user inputs include a zoom factor, a camera mode

and a region of interest.

10. The camera of claim I, wherein the Tele lens includes a ratio of total track length

(TTL)/effective focal length (EFL) smaller than 1.

11. The camera of claim I, wherein, if the no-switching criterion is not fulfilled, the

camera controller is further configured to output video output images with a smooth transition

when switching between the lower ZF value and the higher ZF value or Vice versa, wherein at

the lower ZF value the output image is determined by the Wide sensor, and wherein at the

higher ZF value the output image is determined by the Tele sensor.

12. The camera of claim 1, wherein the camera controller is further configured to combine

in still mode, at a predefined range of ZF values. at least some of the Wide and Tele image

data to provide a fused output image of the object or scene from a particular point ofView.

13. A method for obtaining zoom images of an object or scene using a digital camera,

comprising the steps of:

a) providing in the digital camera a Wide imaging section having a Wide lens with a

Wide field of View (FOV) and a Wide sensor, a Tele imaging section having a Tele lens with
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a Tele FOV that is narrower than the Wide FOV and a Tele sensor, and a camera controller

operatively coupled to the Wide and Tele imaging sections; and

b) configuring the camera controller to evaluate a no—switching criterion determined by

inputs from both Wide and Tele image data, and, if the no-switching criterion is fulfilled, to

output a zoom video output image that includes only \Vide image data in a zoom-in operation

between a lower zoom factor (2F) value and a higher ZF value.

14. The method of claim 13, wherein the no-switching criterion includes a shift between

the Wide and Tele images calculated by global registration, the shift being greater than a first

threshold

15. The method of claim 13, wherein the no-switching criterion includes a disparity range

calculated by global registration, the disparity range being greater than a second threshold.

16. The method of claim 13, wherein the no-switching criterion includes an effective

resolution of the Tele image being lower than an effective resolution of the Wide image.

17. The method of claim 13, wherein the no-switching criterion includes a number of

corresponding features in the Wide and Tele images being smaller than a third threshold.

18. The method of claim 13, wherein the no—switching criterion includes a majority of

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer to

the camera than a first threshold distance.

19. The method of claim 13, wherein the no-switching criterion includes some objects

imaged in an overlap area of the Wide and Tele images being calculated to be closer than a

second threshold distance while other objects imaged in the overlap area of the Wide and Tele

images being calculated to be farther than a third distance threshold.

20. The method of claim 13, further comprising the step of configuring the camera

controller to combine in still mode, at a predefined range of ZF values, at least some of the

18
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Wide and Tele image data to provide a fused output image of the object or scene from a

particular point of view.

21. The method of claim 13; wherein the step of configuring the camera controller to

combine in still mode, at a predefined range of ZF values, at least some of the Wide and Tele

image data to provide a. fused output image includes configuring the camera. controller to

combine Wide and Tele image data only in focused areas.

19
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ABSTRACT

A dual-aperture zoom digital camera operable in both still and video modes. The

camera includes Wide and Tele imaging sections with respective lens/sensor combinations

and image signal processors and a camera controller operatively coupled to the \Vide and Tele

imaging sections. The \Vide and Tele imaging sections provide respective image data. The

controller is configured to output, in a zoom-in operation between a lower zoom factor (ZF)

value and a higher ZF value. a zoom video output image that includes only W'ide image data.

or only Tele image data, depending on Whether a no-switching criterion is fulfilled or not.

20
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The Privacy Act of 1974 (P.L. 93—579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements ofthe Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the US. Patent and Trademark Office is to process andlor examine your submission related to a patent application or patent. If you do not
furnish the requested information, the US. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 5523). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.
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EFS Web 2.2.6

APPL—1002 / Page 149 of 435



APPL-1002 / Page 150 of 435

Electronic Acknowledgement Receipt

“—

——

DUAL APERTU RE ZOOM CAMERA WITH VIDEO SU PPORT AND SWITCHING /

T't'e °f Invenmm NON-SWITCHING DYNAMIC CONTROL

First Named Inventor/Applicant Name: Noy Cohen
 

Customer Number: 92342

Filer: Menachem Nathan
 

Filer Authorized By:

Attorney Docket Number: COREPH-0159 US PR
 

Receipt Date: 13-AUG-2015

Payment information:

Submitted with Payment yes

Payment Type Credit Ca rd

 
 

Payment was successfully received in RAM $130

RAM confirmation Number
 

Deposit Account 
Authorized User
 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

 

APPL—1002 / Page 150 of 435



APPL-1002 / Page 151 of 435

File Listing:

Document . . File Size(Bytes)/ Multi Pages
Number Document Description m Message Digest Part /.zip (if appl.)

2071884

Provisional Cover Sheet (SB16) CoverSheet.pdf 1dafbc9d36fc0cf75085 89e2e1dc5466b55d
939

Warnings: 

Information:

80469

Powe r of Atto rn ey 2cfked009546 lf0d5e9642197644b0903bc
86973

Warnings: 

Information:

Assignee showing of ownership per 37
CFR 373 ASSIgnmentpdf C706970493Ca79b12f7ca501C2d605fc645 l

fffb

Information:

. . . 117641
ASSIgnee showmg of ownership per 37

CFR 373 STATEMENT.pdf 488188591 35601I74§r07l78§80f43r4rl999h
93762

Information: 

8212688

Specification filing.pdf 49fber35367bb47ebc1c622192df6596e5f5
f1 31

1503960

Application Data Sheet c21153797bdb33a8b30c22f0c4708e04843d
ccced

Warnings: 

Information: 

Fee Worksheet (SBO6) fee-info.pdf 687be29cfi‘e618e4a493c2a1e02aa1f0d49d
1 1fe

 
APPL—1002 / Page 151 of 435



APPL-1002 / Page 152 of 435

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
Ifa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

 

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 1 1 and MPEP 1 81 0), a Notification of the International Application Number

and of the International Filing Date (Form PCT/R0/1 05) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

 

APPL—1002 / Page 152 of 435



APPL-1002 / Page 153 of 435

Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (8816)
PTOISBJ16 (11-08)

Approved for use through 0116112014 0MB 0551-0032
US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of ‘I 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

 

 

 

 

 

 

lnventor(s)

Inventor 1 Remove

Given Name Middle Name Family Name City State Country i

Noy Cohen Tel-Aviv IL

Inventor 2 Remove

Given Name Middle Name Family Name City State Country i

Inventor 3 Remove

Given Name Middle Name Family Name Country i

 
 

 

 

 

 

 
 

Inventor 4 Remove

Given Name Middle Name Family Name City State Country i

Gal Shabtay Tel-Aviv IL

Inventor 5 Remove

Given Name Middle Name Family Name City State Country i

Inventor 6 Remove

Ruthy Katz Tel-Aviv

All Inventors Must Be Listed — Additional Inventor Information blocks may be Add
generated within this form by selecting the Add button.

DUAL APERTU RE ZOOM CAMERA WITH VIDEO SUPPORT AND
SWITCHING 1' NON-SWITCHING DYNAMIC CONTROL

Attorney Docket Number (if applicable) COREPH_0159 US PR

Correspondence Address

Title of Invention
 

  
EFS — Web 1.0.1

APPL—1002 / Page 153 of 435



APPL-1002 / Page 154 of 435

Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (8816)
PTOISBJ16 (11-08)

Approved for use through 0116112014 0MB 0551-0032
u.s. Patent and Trademark Office; us. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of ‘l 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Direct all correspondence to (select one):
 

(I) The address corresponding to Customer Number O Firm or Individual Name

 

Customer Number 92342 
 

 

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

(9 No. 

 
0 Yes, the name of the US. Government agency and the Government contract number are:

EFS — Web 1.0.1

APPL—1002 / Page 154 of 435

 



APPL-1002 / Page 155 of 435

 
Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (8816)
PTOISBJ16 (11-08)

Approved for use through 018112014 0MB 0551-0032
US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of ‘l 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Entity Status
Applicant claims small entity status under 37 CFR 1.27

(I) Yes, applicant qualifies for small entity status under 37 CFR 1 .27

O No

Warning

 

 

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non—publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available. 

Signature 

Please see 37 CFR 1.4(d) for the form of the signature.
 

 

 
Signature lMenachem Nathan! Date (YYYY-MM-DD) 2015-05-14

First Name Menachem Last Name Nathan Registration Number 65392
(If appropriate)   

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and Trademark Office, US. Department
of Commerce, PO. Box 1450, Alexandria, VA 22313—1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.

 

EFS — Web 1.0.1

APPL—1002 / Page 155 of 435

 



APPL-1002 / Page 156 of 435

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

APPL—1002 / Page 156 of 435



APPL-1002 / Page 157 of 435

\__
\

y
WIPO

WORLD
INTELLECTUAL PROPERTY
ORGANIZATION
 

DOCUMENT MADE AVAILABLE UNDER THE

PATENT COOPERATION TREATY (PCT)

International application number: PCT/lBZO16/053803

International filing date: 26 June 2016 (26.06.2016)

Document type: Certified copy of priority document

Document details: Country/Office: US
Number: 62/204,667
Filing date: 13 August 2015 (13.08.2015)

Date of receipt at the International Bureau: 27 June 2016 (27.06.2016)

Remark: Priority document submitted or transmitted to the International Bureau in compliance with Rule
17.1(a),(b) or (b-bis)

34, chemin des Colombettes

12l l Geneva 20, Switzerland

www.wipo.int
APPL—1002 / Page 157 of 435



APPL-1002 / Page 158 of 435

COREPH-0159
1/5

PCT REQUEST
Print Out (Original in Electronic Form)

0 For receiving Office use only

0-1 International Application No. PCT/IB2016/053803

0-2 International Filing Date 26 June 2016 (26 . 06 . 2016)

0-3 Name of receiving Office and "PCT RO/ IBInternational Application"

0-4 Form PCT/RO/101 PCT Request

0—4-1 Prepared Using ePCT—Filing
Version 3.3.002 MT/FOP
20151028/0 . 20 . 5 . 24

 

 
0-5 Petition

The undersigned requests that the
present international application be
processed according to the Patent
Cooperation Treaty

0% Rflfwmgom“NWdembyme International Bureau of the World
a“““"’ Intellectual Property organization

(RO/IB)

0-7 Applicant's or agent's file reference CORE PH- 0 1 5 9

' 'mm°“mwmm" DUAL APERTURE ZOOM CAMERA WITH VIDEO

SUPPORT AND SWITCHING / NON—SWITCHING
DYNAMIC CONTROL

 
 

ll Applicant

”-1 This person is Applicant only

”2 AWmmmmr All designated States
”4 ”WE COREPHOTONICS LTD.

”5 Awm$ 25 Habarzel St. Ramat Hachayal
6971035 Tel-Aviv

Israel

”-6 State of nationality IL

”-7 State of residence IL

”40 em“ info@natpatent.com

H4M® Emflammmmb" exclusively in electronic form (no paperThe receiving Office, the International . . . .
Searching Authority, the International nOtl fl catlons W1 11 be sent)
Bureau and the International Preliminary
Examining Authority are authorized to
use this e-mail address, if the Office or
Authority so wishes, to send notifications
issued in respect of this international
application: 

APPL—1002 / Page 158 of 435



APPL-1002 / Page 159 of 435

COREPH0159

PCTREQUEST

III-1
III-1-1

III-1-3

|||—1—4

Ill-1-5

III-2
III—2—1

Ill-2-3

|||-2-4

III—2—5

III-3
III-3-1

III—3—3

Ill-3-4

III-3-5

III-4
|||-4-1

M46

M44

m46

III-5
III—5—1

III-5-3

|||-5-4

III-5-5

III-6
III-6-1

III—6—3

Ill-6-4

III-6-5

Applicant and/or inventor
This person is

Inventor for

Name (LAST, First)
Address

Applicant and/or inventor
This person is
Inventor for

Name (LAST, First)

Address

Applicant and/or inventor
This person is

Inventor for

Name (LAST, First)

Address

Applicant and/or inventor
This person is

Inventor for

Name (LAST, First)
Address

Applicant and/or inventor
This person is
Inventor for

Name (LAST, First)
Address

 
Applicant and/or inventor
This person is

Inventor for

Name (LAST, First)

Address

25

Print Out (Original in Electronic Form)

Inventor only

COHEN, Noy

Israel

Inventor only

GEVA, Nadav

3 Vormaiza St.

Israel

Inventor only

Israel

Inventor only

SHABTAY, Gal

Israel

Inventor only

Israel

Inventor only

All designated States

KATZ, Ruthy

6/20 Hachmey Kiruan St.
6423706 Tel Aviv
Israel

All designated States

30 Shlomo Ben Yossef St.
6912529 Tel—Aviv

All designated States

6264203 Tel-Aviv

All designated States

GIGUSHINSKI, Oded

23 Ahi Dakar St.
4670223 Herzlia

All designated States

4 Shmuel Shnitzer St.

6958313 Tel—Aviv

All designated States

ASHKENAZI, Ester

52/2 Emeq Dotan St.
7170202 Modi'in

 

APPL—1002 / Page 159 of 435



APPL-1002 / Page 160 of 435

"RO

COREPHO159
W5

PCTREQUEST
Print Out (Original in Electronic Form)

Ill-7 Applicant and/or inventor

III-7-1 This person is Inventor only

'W13 ”wwwHW All designated States

III-7-4 Name (LAST, First) GOLDENBERG I Ephraim

'“-7-5 Address 32/25 Tel —Chai Av.
7751025 Ashdod
Israel

lV-1 Agent or common representative; or
address for correspondence

The person identified below is hereby/ A0 nt Ahas been appointed to act on behalf of ‘
the applicant(s) before the competent
International Authorities as:

AddressforcorrespondenceA

'V-H Name NATHAN & ASSOCIATES PATENT AGENTS LTD.

IV-1-2 Address p,o. BOX 10178
611010 Tel—Aviv
Israel

IV—1—3 Telephone No. 972—523512845

N46 6m“ info@natpatent.com
IV-1-5(a E-mail authorization - - -
) The receiving Office, the International exclu51vely 1n eleCtronlc form (no paper

Searching Authority, the International nOti fi cations Wi ll be sent)
Bureau and the International Preliminary
Examining Authority are authorized to
use this e-mail address, if the Office or
Authority so wishes, to send notifications
issued in respect of this international
application:
DESIGNATIONS

V-1 The filing of this request constitutes
under Rule 4.9(a), the designation of
all Contracting States bound by the
PCT on the international filing date,
for the grant of every kind of
protection available and. where
applicable, for the grant of both
regional and national patents.

 
<

 Vl-1 Priority claim of earlier national
application

VH4 ngmw 13 August 2015 (13.08.2015)

VI—1—2 Number 62/204 I 667
VI-1-3 Country or Member of VVTO US
Vl-2 Priority document request

The International Bureau is requested to
obtain from a digital library a certified
copy of the earlier application(s)
identified above as item(s), using, where
applicable, the access code(s) indicated:

VI—l Access code: 7706

 

APPL—1002 / Page 160 of 435



APPL-1002 / Page 161 of 435

COREPH-O159

4/5

PCT REQUEST

VI-3

VII-1

VIII
VIII-1

VIII—2

VIII-3

VIII-4

VIII—5

IX
IX—1

IX-2

IX-3

IX-4

IX—5

IX-7

IX-S

IX-20

IX-21

IX-22

Print Out (Original in Electronic Form)

Incorporation by reference :
where an element of the international

application referred to in Article
11(1)(iii)(d) or (e) or a part of the
description, claims or drawings referred
to in Rule 20.5(a) is not othenNise
contained in this international application
but is completely contained in an earlier
application whose priority is claimed on
the date on which one or more elements
referred to in Article 11(1)(iii) were first
received by the receiving Office, that
element or part is, subject to confir-
mation under Rule 20.6, incorporated by
reference in this international application
for the purposes of Rule 20.6.

 
gemafimalseamhing AUth°my United States Patent and Trademark

”e" Office (USPTO) (ISA/US)
Declarations Number of declarations

Declaration as to the identity of the
inventor

Declaration as to the applicant's
entitlement, as at the international filing
date, to apply for and be granted a
patent 

Declaration as to the applicant's
entitlement, as at the international filing
date, to claim the priority of the earlier
application
Declaration of inventorship (only for the
purposes of the designation of the
United States of America)
Declaration as to non—prejudicial
disclosures or exceptions to lack of
novefly
Check list Number of sheets

 
Electronic file(s) attached

 

 
«

Description 1 6 /

Claims 4 /

TOTAL 3 1

Accompanying Items
Fee calculation sheet

Paper document(s) attached

Figure of the drawings which should 3A
accompany the abstract

Language of filing of the international Engli Shapplication

The receiving Office is requested to Yes
make this international application
available to the Priority Document
Access Service (DAS) (provided that
an international application number
and international filing date is
accorded to this purported interna-
tional application.)
 

Electronic fi|e(s) attached

/

APPL—1002 / Page 161 of 435



APPL-1002 / Page 162 of 435

COREPH-O159

5/5

PCT REQUEST
Print Out (Original in Electronic Form)

X-1 Signature of applicant, agent or /Gal Shabtay/common representative

X-1-1 Name CORE PHOTONICS LTD . X-1-2 Name of signatory Gal Shabtay
X-1-3 Capacity (if such capacity is not obvious VP R&D

from reading the request)

FOR RECEIVING OFFICE USE ONLY

10-1 Date ofactual receipt ofthe 26 June 2016 (26 . 06 . 2016)purported international application

1 0-2 Drawings:
10—2—1 Received

10-2-2 Not received

10-3 Corrected date of actual receipt due
to later but timely received papers or
drawings completing the purported
international application

1 0-4 Date of timely receipt of the required
corrections under PCT Article 11(2)

1 0-5 International Searching Authority I SA/US
10-6 Transmittal of search copy delayed

until search fee is paid

FOR INTERNATIONAL BUREAU USE ONLY

 

 
 

11-1 Date of receipt of the record copy by
the International Bureau 

APPL—1002 / Page 162 of 435



APPL-1002 / Page 163 of 435

wo2017/025822A1|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

(43) International Publication Date

(51)

(21)

(22)

(25)

(26)

(30)

(71)

(72)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
\

9
16 February 2017 (16.02.2017)

International Patent Classification:

H04N 5/262 (2006.01) G06T 5/50 (2006.01)
G02B 15/00 (2006.01)

International Application Number:
PCT/IB2016/053803 (81)

International Filing Date:
26 June 2016 (26.06.2016)

Filing Language: English

Publication Language: English

Priority Data:
62/204,667 13 August 2015 (13.08.2015) US

Applicant: COREPHOTONICS LTD. [IL/IL]; 25 IIabar-
zel St., Ramat Haehayal, 6971035 Tel-Aviv (IL).

Inventors: COHEN, Noy; 30 Shlomo Ben Yossef SL,
6912529 Tel-Aviv (IL). GEVA, Nadav; 3 Vorinaiza St.,
6264203 Tel—AViV (IL). GIGUSHINSKI, Oded; 23 Ahi
Dakar SL, 4670223 Herzlia (IL). SHABTAY, Gal; 4
Shmuel Shnitzer St., 6958313 Tel—Aviv (IL).

 

 

 

 

 

  
 

 

 

 

 

 
   
 

WIPOI PCT

(10) International Publication Number

WO 2017/025822 A1

ASHKENAZI, Ester; 52/2 Emeq Dotan St., 7170202
Modi'in (IL). KATZ, Ruthy; 6/20 Haehiney Kiruan St.,
6423706 Tel AViV (IL). GOLDENBERG, Ephraim;
32/25 Tel-Chai AV., 7751025 Ashdod (IL).

Designated States (unless otherwise indicated, for every
kind ofnational protection available): AE, AG, AL, AM,
Ao, AT, AU, AZ, BA, BB, BG, BH, RN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, Ro, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GII,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

[Continued on nextpage]

(54) Title: DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING / NON-SWITCHING DYNAMIC
CONTROL

(57) Abstract: A dual—aperture zoom digital camera operable in both still and
video modes. The camera includes Wide and Tele imaging sections with respect-Choose sen sorts) m be opeiutimlal . . . . .

‘— 302 we lens/sensor combinations and image Signal processors and a camera control—
ler operatively coupled to the Wide and Tele imaging sections. The Wide and

l Tele imaging sections provide respective image data. The controller is con—
opfiumnyyculcume Murmlunceif figured to output, in a zoom-in operation between a lower zoom factor (ZF)

<—- ‘WO “$315039 mg“ m value and a higher ZF value, a zoom Video output image that includes only Wideprov] CL y 5 W0 SCHSOrS. . . . . . ~
304 image data, or only Tele image data, depending on whether a, no-sw1tching cri-

terion is fulfilled or not.V
Optionally. apply calculated color

‘— balance in one of the images300

V

Optionally. perform registration
4— hetween the Wide and Tele images to

output a transformation coefficient308

Set an AF position using thetransformation coefficient
310

Process an output of any of steps
_> 302-308 to obtain a processed image3l2

Resumple the processed image
according to the transformation

coefficient. requested ZF. and outputVIdCO resolution
314

FIG. 3A

APPL—1002 / Page 163 of 435



APPL-1002 / Page 164 of 435

WO 2017/025822 A1 |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, Published:
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG). — wzth mternatzonal search report (Art. 21(3))

APPL—1002 / Page 164 of 435



APPL-1002 / Page 165 of 435

10

15

20

25

30

WO 2017/025822 PCT/IB2016/053803

DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING /

NON-SWITCHING DYNAMIC CONTROL

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority from US Provisional Patent Application No.

62/204,667 filed on August 13, 2015 which is expressly incorporated herein by reference in

its entirety.

FIELD

Embodimcnts disclosed herein relate in general to digital cameras and in particular to

zoom digital cameras with video capabilities.

BACKGROUND

Digital camera modules are currently being incorporated into a variety of host dcviccs.

Such host devices include cellular telephones, personal data assistants (PDAs), computers,

and so forth. Consumer demand for digital camera modules in host devices continues to grow.

Host device manufacturers prcfcr digital camera modules to be small, so that they can

be incorporated into the host device without increasing its overall size. Further, there is an

increasing demand for such cameras to have higher—performance characteristics. One such

characteristic possessed by many higher—performance cameras (e.g., standalone digital still

cameras) is the ability to vary the focal length of the camera to increase and decrease the

magnification of the image. This ability, typically accomplished with a zoom lens, is known

as optical zooming. “Zoom” is commonly understood as a capability to provide different

magnifications of the. same scene and/or object by changing the focal length of an optical

system, with a higher level of zoom associated with greater magnification and a lower level of

zoom associaled with lower magnification. Optical zooming is typically accomplished by

mechanically moving lens elements relative to each other. Such zoom lenses are typically

more expensive, larger and less reliable than fixed focal length lenses. An alternative

approach for approximating the zoom effect is achieved with what is known as digital

zooming. With digital zooming, instead of varying the focal length of the lens, a processor in
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the camera crops the image and interpolates between the pixels of the captured image to

create a magnified but lower—resolution image.

Attempts to use multi—apcrturc imaging systems to approximate the effect of a zoom

lens are known. A multi—aperture imaging system (implemented for example in a digital

camera) includes a plurality of optical sub—systems (also referred to as "cameras”). Each

camera includes one or more lenses and/or other optical elements which define an aperture

such that received electro—magnetic radiation is imaged by the optical sub—system and a

resulting image is directed towards a two—dimensional (2D) pixelated image sensor region.

The image sensor (or simply "sensor") region is configured to receive the image and to

generate a set of image data based on the image. The digital camera may be aligned to receive

electromagnetic radiation associated with scenery having a given set of one or more objects.

The set of image data may be represented as digital image data, as well known in the art.

Hereinafter in this description, "image" "image data" and "digital image data" may be used

interchangeably. Also, "object" and "scene" may be used interchangeably. As used herein,

the term "object" is an entity in the real world imaged to a point or pixel in the image.

Multi-aperture imaging systems and associated methods are described for example in

US Patent Publications No. 2008/0030592, 2010/0277619 and 2011/0064327. In US

2008/0030592, two sensors are operated simultaneously to capture an image imaged through

an associated lens. A sensor and its associated lens form a lens/sensor combination. The two

lenses have different focal lengths. Thus, even though each lens/sensor combination is

aligned to look in the same direction, each combination captures an image of the same subject

but with two different fields of view (FOV). One sensor is commonly called “Wide” and the

other “Tele”. Each sensor provides a separate image, referred to respectively as “Wide” (or

“W”) and “Tele” (or “T”) images. A W—image reflects a wider FOV and has lower resolution

than the T—image. The images are then stitched (fused) together to form a composite ("fused")

image. In the composite image, the central portion is formed by the relatively higher—

rcsolution image taken by the lcns/scnsor combination with the longer focal length, and the

peripheral portion is formed by a peripheral portion of the relatively lower—resolution image

taken by the lens/sensor combination with the shorter focal length. The user selects a desired

amount of zoom and the composite image is used to interpolate values from the chosen

amount of zoom to provide a respective zoom image. The solution offered by US

2008/0030592 requires, in video mode, very large processing resources in addition to high

frame rate requirements and high power consumption (since both cameras are fully

operational).
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US 2010/0277619 teaches a camera with two lens/sensor combinations, the two lenses

having different focal lengths, so that the image from one of the combinations has a FOV

approximately 2—3 timcs greater than the image from the other combination. As a user of the

camera requests a given amount of zoom, the zoomed image is provided from the lens/sensor

combination having a FOV that is next larger than the requested FOV. Thus, if the requested

FOV is less than the smaller FOV combination, the zoomed image is created from the image

captured by that combination, using cropping and interpolation if necessary. Similarly, if the

requested FOV is greater than the smaller FOV combination, the zoomed image is created

from the image captured by the other combination, using cropping and interpolation if

necessary. The solution offered by US 2010/0277619 leads to parallax altifacts when moving

to the Tele camera in video mode.

In both US 2008/0030592 and US 2010/0277619, different focal length systems cause

matching Tele and Wide FOVs to be exposed at different times using CMOS sensors. This

degrades the overall image quality. Different optical F numbers (”F#”) cause image intensity

differences. Working with such a dual sensor system requires double bandwidth support, i.e.

additional wires from the sensors to the following HW component. Neither US 2008/0030592

nor US 2010/0277619 deal with registration errors.

US 2011/0064327 discloses multi—aperture imaging systems and methods for image

data fusion that include providing first and second sets of image data corresponding to an

imaged first and second scene respectively. The scenes overlap at least partially in an overlap

region, defining a first collection of overlap image data as part of the first set of image data,

and a second collection of overlap image data as part of the second set of image data. The

second collection of overlap image data is represented as a plurality of image data cameras

such that each of the cameras is based on at least one characteristic of the second collection,

and each camera spans the overlap region. A fused set of image data is produced by an image

processor, by modifying the first collection of overlap image data based on at least a selected

one of, but less than all of, the image data cameras. The systems and mcthods disclosed in this

application deal solely with fused still images.

None of the known art references provide a thin (e.g. fitting in a cell—phone) dual—

aperture zoom digital camera with fixed focal length lenses, the camera configured to operate

in both still mode and video mode to provide still and video images, wherein the camera

configuration does not use any fusion to provide a continuous, smooth zoom in video mode.

Therefore there is a need for, and it would be advantageous to have thin digital

cameras with optical zoom operating in both video and still mode that do not suffer from
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commonly encountered problems and disadvantages, some of which are listed above.

SUMMARY

Embodiments disclosed herein teach the use of dual—aperture (also referred to as dual—

lens or two—sensor) optical zoom digital cameras. The cameras include two cameras, a Wide

camera and a Tele camera, each camera including a fixed focal length lens, an image sensor

and an image signal processor (ISP). The Tele camera is the higher zoom camera and the

Wide camera is the lower zoom camera. In some embodiments, the thickness/effective focal

length (EFL) ratio of the Tele lens is smaller than about 1. The image sensor may include two

separate 2D pixelated sensors or a single pixelated sensor divided into at least two areas. The

digital camera can be operated in both still and video modes. In video mode, optical zoom is

achieved "without fusion", by, in some embodiments, switching between the W and T images

to shorten computational time requirements, thus enabling high video rate. To avoid

discontinuities in video mode, the switching includes applying additional processing blocks,

which include in some embodiments image scaling and shifting. In some embodiments, when

a no-switching criterion is fulfilled, optical zoom is achieved in video mode without

switching.

As used herein, the term "video" refers to any camera output that captures motion by a

series of pictures (images), as opposed to "still mode" that friezes motion. Examples of

"video" in cellphones and smartphones include "video mode" or "preview mode".

In order to reach optical zoom capabilities, a different magnification image of the

same scene is captured (grabbed) by each camera, resulting in FOV overlap between the two

cameras. Processing is applied on the two images to fuse and output one fused image in still

mode. The fused image is processed according to a user zoom factor request. As part of the

fusion procedure, up—sampling may be applied on one or both of the grabbed images to scale

it to the image grabbed by the Tclc camera or to a scale defined by the user. The fusion or up—

sampling may be applied to only some of the pixels of a sensor. Down—sampling can be

performed as well if the output resolution is smaller than the sensor resolution.

The cameras and associated methods disclosed herein address and correct many of the

problems and disadvantages of known dual—aperture optical zoom digital cameras. They

provide an overall zoom solution that refers to all aspects: optics, algorithmic processing and

system hardware (HW).
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In a dual—aperture camera image plane, as seen by each camera (and respective image

sensor), a given object will be shifted and have different perspective (shape). This is referred

to as point—of—vicw (POV). The system output image can havc thc shapc and position of either

camera image or the shape or position of a combination thereof. If the output image retains

the Wide image shape then it has the Wide perspective POV. If it retains the Wide camera

position then it has the Wide position POV. The same applies for Tele images position and

perspective. As used in this description, the perspective POV may be of the Wide or Tele

cameras, while the position POV may shift continuously between the Wide and Tele cameras.

In fused images, it is possible to register Tele image pixels to a matching pixel set within the

Wide image pixels, in which case the output image will retain the Wide POV (“Wide

fusion”). Alternatively, it is possible to register Wide image pixels to a matching pixel set

within the Tele image pixels, in which case the output image will retain the Tele POV (“Tele

fusion”). It is also possible to perform the registration after either camera image is shifted, in

which case the output image will retain the respective Wide or Tele perspective POV.

In an exemplary embodiment, there is provided a zoom digital camera comprising a

Wide imaging section that includes a fixed focal length Wide lens with a Wide FOV and a

Wide sensor, the Wide imaging section operative to provide Wide image data of an object or

scene, a Tele imaging section that includes a fixed focal length Tele lens with a Tele FOV that

is narrower than the Wide FOV and a Tele sensor, the Tele imaging section operative to

provide Tele image data of the object or scene, and a camera controller operatively coupled to

the Wide and Tele imaging sections, the camera controller configured to evaluate a no-

switching criterion determined by inputs from both Wide and Tele image data, and, if the no—

switching criterion is fulfilled, to output a zoom video output image that includes only Wide

image data in a zoom—in operation between a lower zoom factor (ZF) value and a higher ZF

value.

In an exemplary embodiment there is provided a method for obtaining zoom images of

an object or sccnc using a digital camera, comprising the steps of providing in the digital

camera a Wide imaging section having a Wide lens with a Wide FOV and a Wide sensor, a

Tele imaging section having a Tele lens with a Tele FOV that is narrower than the Wide FOV

and a Tele sensor, and a camera controller operatively coupled to the Wide and Tele imaging

sections, and configuring the camera controller to evaluate a no—switching criterion

determined by inputs from both Wide and Tele image data, and, if the no—switching criterion

is fulfilled, to output a zoom video output image that includes only Wide image data in a

zoom—in operation between a lower ZF value and a higher ZF value.
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In some exemplary embodiments, the no—switching criterion includes a shift between

the Wide and Tele images calculated by global registration, the shift being greater than a first

threshold.

In some exemplary embodiments, the no—switching criterion includes a disparity range

calculated by global registration, the disparity range being greater than a second threshold.

In some exemplary embodiments, the no—switching criterion includes an effective

resolution of the Tele image being lower than an effective resolution of the Wide image.

In some exemplary embodiments, the no—switching criterion includes a number of

corresponding features in the Wide and Tele images being smaller than a third threshold.

In some exemplary embodiments, the no—switching criterion includes a majority of

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer

to the camera than a first threshold distance.

In some exemplary embodiments, the no—switching criterion includes some objects

imaged in an overlap area of the Wide and Tele images being calculated to be closer than a

second threshold distance while other objects imaged in the overlap area of the Wide and Tele

images being calculated to be farther than a third distance threshold.

In some exemplary embodiments, the camera controller includes a user control

module for receiving user inputs and a sensor control module for configuring each sensor to

acquire the Wide and Tele image data based on the user inputs.

In some exemplary embodiments, the user inputs include a zoom factor, a camera

mode and a region of interest.

In some exemplary embodiments, the Tele lens includes a ratio of total track length

(TTL)/effective focal length (EFL) smaller than 1. For a definition of TTL and EFL see e,g.

co—assigned US published patent application No. 20150244942.

In some exemplary embodiments, if the no—switching criterion is not fulfilled, the

camera controller is further configured to output video output images with a smooth transition

when switching between the lower ZF value and the higher ZF value or vice vcrsa, wherein at

the lower ZF value the output image is determined by the Wide sensor, and wherein at the

higher ZF value the output image is determined by the Tele sensor.

In some exemplary embodiments, the camera controller is further configured to

combine in still mode, at a predefined range of ZF values, at least some of the Wide and Tele

image data to provide a fused output image of the object or scene from a particular point of

view.
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BRIEF DESCRIPTION OF THE DRAWINGS

Non—limiting examples of embodiments disclosed herein are described below with

reference to figures attached hereto that are listed following this paragraph. Identical

structures, elements or parts that appear in more than one figure are generally labeled with a

same numeral in all the figures in which they appear. The drawings and descriptions are

meant to illuminate and clarify embodiments disclosed herein, and should not be considered

limiting in any way.

FIG. 1A shows schematically a block diagram illustrating an exemplary dual—aperture

zoom imaging system disclosed herein;

FIG. 1B is a schematic mechanical diagram of the dual—aperture zoom imaging system

of FIG. 1A:

FIG. 2 shows an example of a Wide sensor, a Tele sensor and their respective FOVs;

FIG. 3A shows an embodiment of an exemplary method disclosed herein for acquiring

a zoom image in Video/preview mode;

FIG. 3B shows exemplary feature points in an object;

FIG. 3C shows schematically a known rectification process;

FIG. 4 shows a graph illustrating an effective resolution zoom factor.

DETAILED DESCRIPTION

Definitions:

Sharpness score: the gradients (dx, dy) of the image are compared (through

subtraction) to the gradients of its low pass filtered version. A higher difference indicates a

sharper original image. The result of this comparison is normalized with respect to the

average variations (for example, sum of absolute gradients) of the original image, to obtain an

absolute sharpness score.

Edge score: for each image, the edges are found (for example, using Canny edge

detection) and the average intensity of gradients along them is calculated, for example, by

calculating the magnitude of gradients (dx, dy) for each edge pixel, summing the results and

dividing by the total number of edge pixels. The result is the edge score.

Effective resolution score: this score is calculated only in a region of interest (ROI)

and provides a good indication of the effective resolution level in the image. As used herein,

“ROI” is a user—defined sub—region of the image that may be exemplarily 4% or less of the
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image area. The effective resolution score can be derived from a combination of the

sharpness scores and edge scores for each image, for example by normalizing both to be

between [0, l] and by taking their average.

FIG. 1A shows schematically a block diagram illustrating an exemplary embodiment

of a dual—aperture zoom imaging system (also referred to simply as “dual—camera” or "dual—

aperture camera") disclosed herein and numbered 100. Dual—aperture camera 100 comprises a

Wide imaging section (“Wide camera”) that includes a Wide lens block 102, a Wide image

sensor 104 and a Wide image processor 106. Dual—aperture camera 100 further comprises a

Tele imaging section (“Tele camera”) that includes a Tele lens block 108, a Tele image sensor

110 and a Tele image processor 112. The image sensors may be physically separate or may

be part of a single larger image sensor. The Wide sensor pixel size can be equal to or different

from the Tele sensor pixel size. Dual—aperture camera 100 further comprises a camera fusion

processing core (also referred to as “controller”) 114 that includes a sensor control module

116, a user control module 118, a video processing module 126 and a capture processing

module 128, all operationally coupled to sensor control block 110. User control module 118

comprises an operational mode function 120, a ROI function 122 and a zoom factor (ZF)

function 124.

Sensor control module 116 is connected to the two (Wide and Tele) cameras and to

the user control module 118 and used to choose, according to the zoom factor, which of the

sensors is operational and to control the exposure mechanism and the sensor readout. Mode

choice function 120 is used for choosing capture/video modes. ROI function 122 is used to

choose a region of interest. The ROI is the region on which both cameras are focused on.

Zoom factor function 124 is used to choose a zoom factor. Video processing module 126 is

connected to mode choice function 120 and used for video processing. It is configurable to

evaluate a no—switching criterion determined by inputs from both Wide and Tele image data

and to make a decision regarding video output. Specifically, upon evaluation of a no—

switching critcrion, if the no—switching criterion is fulfilled, module 126 is configurable to

output a zoom video output image that includes only Wide image data in a zoom—in operation

between a lower zoom factor (ZF) value and a higher ZF value. If the no—switching criterion

is not fulfilled, module 126 is configurable to combine in still mode, at a predefined range of

ZF values, at least some of the Wide and Tele image data to provide a fused output image of

the object or scene from a particular point of view. Still processing module 128 is connected

to the mode choice function 120 and used for high image quality still mode images. The video

processing module is applied when the user desires to shoot in video mode. The capture
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processing module is applied when the user wishes to shoot still pictures.

FIG. 1B is a schematic mechanical diagram of the dual—aperture zoom imaging system

of FIG. 1A. Exemplary dimcnsions: Widc lcns TTL = 4.2mm and EFL = 3.5mm; Tclc lcns

TTL = 6mm and EFL = 7 mm; both Wide and Tele sensors 1/3 inch; external dimensions of

Wide and Tele cameras: width (w) and length (l) = 8.5 mm and height (h) = 6.8 mm; distance

"d” between camera centers 2 10mm.

Following is a detailed description and examples of different methods of use of dual—

aperture camera 1 00.

Still mode operation/function

In still camera mode, the obtained image is fused from information obtained by both

cameras at all zoom levels, see FIG. 2, which shows a Wide sensor 202 and a Tele sensor 204

and their respective FOVs. Exemplarily, as shown, the Tele sensor FOV is half the Wide

sensor FOV. The still camera mode processing includes two stages: the first stage includes

setting HW settings and configuration, where a first objective is to control the sensors in such

a way that matching FOVs in both images (Tele and Wide) are scanned at the same time, a

second objective is to control the relative exposures according to the lens properties, and a

third objective is to minimize the required bandwidth from both sensors for the ISPs. The

second stage includes image processing that fuses the Wide and the Tele images to achieve

optical zoom, improves SNR and provides wide dynamic range.

FIG. 3A shows image line numbers vs. time for an image section captured by CMOS

sensors. A fused image is obtained by line (row) scans of each image. To prevent matching

FOVs in both sensors to be scanned at different times, a particular configuration is applied by

the camera controller on both image sensors while keeping the same frame rate. The

difference in FOV between the sensors determines the relationship between the rolling shutter

time and the vertical blanking time for each sensor.

Video mode operation/function

Smooth transition

When a dual—aperture camera switches the camera output between cameras or points

of View, a user will normally see a ”jump" (discontinuous) image change. However, a change

in the zoom factor for the same camera and POV is viewed as a continuous change. A
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“smooth transition” (ST) is a transition between cameras or POVs that minimizes the jump

effect. This may include matching the position, scale, brightness and color of the output

image bcforc and aftcr the transition. Howcvcr, an cntirc imagc position matching bctwccn

the camera outputs is in many cases impossible, because parallax causes the position shift to

be dependent on the object distance. Therefore, in a smooth transition as disclosed herein, the

position matching is achieved only in the ROI region while scale brightness and color are

matched for the entire output image area.

Zoom—in and Zoom—out in video mode

In video mode, sensor oversampling is used to enable continuous and smooth zoom

experience. Processng is applied to eliminate the changes in the image during crossover from

one camera to the other. Zoom from 1 to stimh is performed using the Wide sensor only.

From stitch and on, it is performed mainly by the Tele sensor. To prevent “jumps” (roughness

in the image), switching to the Tele image is done using a zoom factor which is a bit higher

(stitch +AZoom) than stitch. AZoom is determined according to the system's properties and is

different for cases where zoom-in is applied and cases where zoom-out is applied (AZoommi

AZoomout). This is done to prevent residual jumps artifacts to be visible at a certain zoom

factor. The switching between sensors, for an increasing zoom and for decreasing zoom, is

done on a different zoom factor.

The zoom video mode operation includes two stages: (1) sensor control and

configuration and (2) image processing. In the range from 1 to stitch, only the Wide sensor is

operational, hence, power can be supplied only to this sensor. Similar conditions hold for a

Wide AF mechanism. From stitch+AZoom to Zmax only the Tele sensor is operational, hence,

power is supplied only to this sensor. Similarly, only the Tele sensor is operational and power

is supplied only to it for a Tele AF mechanism. Another option is that the Tele sensor is

operational and the Wide sensor is working in low frame rate. From stitch to stitch+AZoom,

both scnsors are operational.

Zoom—in: at low ZF up to slightly above ZFT (the zoom factor that enables switching

between Wide and Tele outputs) the output image is the digitally zoomed, unchanged Wide

camera output. ZFT is defined as follows:

ZFT : Tan (FOVWide)/Tan (FOVTele)

where Tan refers to “tangent”, while FOVWMc and FOVTClc refer respectively to the Wide and

10
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Tele lens fields of view (in degrees). As used herein, the FOV is measured from the center

axis to the comer of the sensor (i.e. half the angle of the normal definition). Switching cannot

take place bclow ZFT and it can above it.

In some embodiments for the up—transfer ZF, as disclosed in co—invented and co—

owned US patent 9,185,291, the output is a transformed Tele camera output, where the

transformation is performed by a global registration (GR) algorithm to achieve smooth

transition. As used herein "global registration" refers to an action for which the inputs are the

Wide and Tele images. The Wide image is cropped to display the same FOV as the Tele

image. The Tele image is passed through a low pass filter (LPF) and resized to make its

appearance as close as possible to the Wide image (lower resolution and same pixel count).

The outputs of GR are corresponding feature point pairs in the images along with their

disparities, and parameters for differences between the images, i.e. shift and scale. As used

herein, "feature point" refers to a point such as points IOa-d in FIG. 3B and refers to a point

(pixel) of interest on an object in an image. For purposes set forth in this description, a feature

point should be reproducible and invariant to changes in image scale, noise and illumination.

Such points usually lie on corners or other high—contrast regions of the object.

Stages of Global Registration

In some exemplary embodiments, global registration may be performed as follows:

1. Find interest points (features) in each image separately by filtering it with,

exemplarily, a Difference of Gaussians filter, and finding local extrema on the resulting

image.

2. Find feature correspondences (features in both images that describe the same point in

space) in a "matching" process. These are also referred to as "feature pairs", ”correspondence

pairs" or "matching pairs”. This is done by comparing each feature point from one (Tele or

Wide) image (referred to hereinafter as "image 1") to all feature points in that region from the

other (rcspcctivcly Widc or Tclc) imagc (referred to hcrcinaftcr as "image 2”). The features

are compared only within their group of minima/maxima, using patch normalized cross—

correlation. As used herein, "patch" refers to a group of neighboring pixels around an origin

pixel.

3. The normalized cross correlation of two image patches t(x,y) and f(x, y) is

1 Cf(x,y)-f)(t(x,y)—B
Z 236,31—afar where n is the number of pixels in both patches, f is the average of f

and (If is the standard deviation of f. A match for a feature point from image 1 is only

11
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confirmed if its correlation score is much higher (for example, xl.2) than the next—best

matching feature from image 2.

4. Find the disparity between each pair of corresponding features (also referred to as

"matching pair") by subtracting their x and y coordinate values.

5 . Filter bad matching points:

a. Following the matching process, matches that include feature points from image 2 that

were matched to more than one feature from image 1 are discarded.

b. Matching pairs whose disparity is inconsistent with the other matching pairs are

discarded. For example, if there is one corresponding pair which whose disparity is lower or

higher than the others by 20 pixels.

6. The localization accuracy for matched points from image 2 is refined by calculating a

correlation of neighboring pixel patches from image 2 with the target patch (the patch around

the current pixel (of the current matching pair) from image 1, modeling the results as a

parabola and finding its maximum.

7. Rotation and fine scale differences are calculated between the two images according to

the matching points (for example, by subtracting the center of mass from each set of points,

i.e. the part of the matching points belonging to either the Wide or the Tele image, and

solving a least squares problem).

8. After compensating for these differences, since the images were rectified, the disparity

in the Y axis should be close to 0. Matching points that do not fit this criterion are discarded.

A known rectification process is illustrated in FIG. 3C.

9. Finally, the remaining matching points are considered true and the disparities for them

are calculated. A weighted average of the disparity is taken as the shift between both images.

The maximum difference between disparity values is taken as the disparity range.

10. At various stages during GR, if there are not enough feature/matching points

remaining, the GR is stopped and returns a failure flag.

In addition, it is possible to find range calibration to the rectification process by

finding the shiftl = shift for objects at infinity and defining shiftD=shift—shiftl and disparity D

_ focalLeng th‘baseline

= disparity—shiftl. We then calculate object distance _W’ where

"baseline" is the distance between cameras.

Returning now to the Zoom—in process, in some embodiments, for higher ZF than the

up—transfer ZF the output is the transformed Tele camera output, digitally zoomed. However,

in other embodiments for the up—transfer ZF there will be no switching from the Wide to the

12
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Tele camera output, i.e. the output will be from the Wide camera, digitally zoomed. This ”no

switching" process is described next.

No Switching

Switching from the Wide camera output to the transformed Tele camera output will be

performed unless some special condition (criterion), determined based on inputs obtained

from the two camera images, occurs. In other words, switching will not be performed only if

at least one of the following no—switching criteria is fulfilled:

1. if the shift calculated by GR is greater than a first threshold, for example 50 pixels.

2. if the disparity range calculated by GR is greater than a second threshold, for example

20 pixels, because in this case there is no global shift correction that will suppress

movement/jump for all objects distances (smooth transition is impossible for all objects).

3. if the effective resolution score of the Tele image is lower than that of the Wide

image. In this case, there is no point in performing the transition because no value (i.e.

resolution) is gained. Smooth transition is possible but undesirable.

4. if the GR fails, i.e. if the number of matching pairs found is less than a third threshold,

for example 20 matching pairs.

5. if, for example, that are imaged onto the overlap area are calculated to be closer than a

first threshold distance, for example 30 cm, because this can result in a large image shift to

obtain ST.

6. if some objects (for example two objects) that are imaged in the overlap area are

calculated to be closer than a second threshold distance, for example 50 cm, while other

objects (for example two objects) are calculated to be farther than a third threshold distance

for example 10 m. The reason is that the shift between an object position in the Wide and Tele

cameras is object distance dependent, where the closer the objects the larger the shift, so an

image containing significantly close and far objects cannot be matched by simple

transformation (shift scale) to be similar and thus provide ST bctwccn camcras.

Zoom—out: at high ZF down to slightly below ZFT, the output image is the digitally

zoomed transformed Tele camera output. For the down—transfer ZF, the output is a shifted

Wide camera output, where the Wide shift correction is performed by the GR algorithm to

achieve smooth transition, i.e. with no jump in the ROI region. For lower (than the down—

transfer) ZF, the output is basically the down—transfer ZF output digitally zoomed but with

gradually smaller Wide shift correction, until for ZF:l the output is the unchanged Wide

camera output.

13
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Note that if a no—switching criterion is not fulfilled, then the camera will output

without fusion continuous zoom video mode output images of the object or scene, each output

image having a respective output resolution, the video output images being provided with a

smooth transition when switching between the lower ZF value and the higher ZF value or vice

versa, wherein at the lower ZF value the output resolution is determined by the Wide sensor,

and wherein at the higher ZF value the output resolution is determined by the Tele sensor.

FIG. 3A shows an embodiment of a method disclosed herein for acquiring a zoom

image in video/preview mode for 3 different zoom factor (ZF) ranges: (a) ZF range = l :

stitch; (b) ZF range : stitch : stitch + AZoomin: and (c) Zoom factor range : stitch +

AZoomiI1 : Zmax. The description is with reference to a graph of effective resolution vs. zoom

factor (FIG. 4). In step 302, sensor control module 116 chooses (directs) the sensor (Wide,

Tele or both) to be operational. Specifically, if the ZF range = lzzswitch, module 116 directs the

Wide sensor to be operational and the Tele sensor to be non—operational. If the ZF range is

stitch : stitch + AZoomin, module 116 directs both sensors to be operational and the zoom

image is generated from the Wide sensor. If the ZF range is stitch + AZoomin : Zmax, module

116 directs the Wide sensor to be non—operational and the Tele sensor to be operational. After

the sensor choice in step 302, all following actions are performed in video processing core

126. Optionally, in step 304, color balance is calculated if two images are provided by the

two sensors. Optionally yet, in step 306, the calculated color balance is applied in one of the

images (depending on the zoom factor). Further optionally, in step 308, registration is

performed between the Wide and Tele images to output a transformation coefficient. The

transformation coefficient can be used to set an AF position in step 310. In step 312, an output

of any of steps 302-308 is applied on one of the images (depending on the zoom factor) for

image signal processing that may include denoising, demosaicing, sharpening, scaling, etc. In

step 314, the processed image is resampled according to the transformation coefficient, the

requested ZF (obtained from zoom function 124) and the output video resolution (for example

1080p). To avoid a transition point to be executed at the same ZF, AZoom can changc whilc

zooming in and while zooming out. This will result in hysteresis in the sensor switching point.

In more detail, for ZF range 1: stmh, for ZF < stitch, the Wide image data is

transferred to the ISP in step 312 and resampled in step 314. For ZF range = stitch : stitch +

AZoomin, both sensors are operational and the zoom image is generated from the Wide

sensor. The color balance is calculated for both images according to a given ROI. In addition,

for a given ROI, registration is performed between the Wide and Tele images to output a

transformation coefficient. The transformation coefficient is used to set an AF position. The

14
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transformation coefficient includes the translation between matching points in the two images.

This translation can be measured in a number of pixels. Different translations will result in a

different numbcr of pixel movcmcnts bctwccn matching points in the images. This movcmcnt

can be translated into depth and the depth can be translated into an AF position. This enables

to set the AF position by only analyzing two images (Wide and Tele). The result is fast

focusing.

Both color balance ratios and transformation coefficient are used in the ISP step. In

parallel, the Wide image is processed to provide a processed image, followed by resampling.

For ZF range : stitch + AZoom-1I1 : Zmax and for Zoom factor > stitch, + AZoom-m, the color

balance calculated previously is now applied on the Tele image. The Tele image data is

transferred to the ISP in step 312 and resampled in step 314. To eliminate crossover altifacts

and to enable smooth transition to the Tele image, the processed Tele image is resampled

according to the transformation coefficient, the requested ZF (obtained from zoom function

124) and the output video resolution (for example 1080p).

FIG. 4 shows the effective resolution as a function of the zoom factor for a zoom—in

case and for a zoom-out case AZoomup is set when one zooms in, and AZoomd0Wll is set when

one zooms out. Setting AZoomup to be different from AZoomdown will result in transition

between the sensors to be performed at different zoom factor (“hysteresis”) when zoom—in is

used and when zoom-out is used. This hysteresis phenomenon in the video mode results in

smooth continuous zoom experience.

In conclusion, dual aperture optical zoom digital cameras and associate methods

disclosed herein reduce the amount of processing resources, lower frame rate requirements,

reduce power consumption, remove parallax artifacts and provide continuous focus (or

provide loss of focus) when changing from Wide to Tele in video mode. They provide a

dramatic reduction of the disparity range and avoid false registration in capture mode. They

reduce image intensity differences and enable work with a single sensor bandwidth instead of

two, as in known camcras.

All patent applications mentioned in this specification are herein incorporated in their

entirety by reference into the specification, to the same extent as if each individual patent

application was specifically and individually indicated to be incorporated herein by reference.

In addition, citation or identification of any reference in this application shall not be construed

as an admission that such reference is available as prior art to the present disclosure.

While this disclosure has been described in terms of certain embodiments and

generally associated methods, alterations and permutations of the embodiments and methods
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will be apparent to those skilled in the art. The disclosure is to be understood as not limited by

the specific embodiments described herein, but only by the scope of the appended claims.

16
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WHAT IS CLAIMED IS:

1. A zoom digital camera comprising:

a) a Wide imaging section that includes a fixed focal length Wide lens with a Wide field

of view (FOV) and a Wide sensor, the Wide imaging section operative to provide Wide image

data of an object or scene;

b) a Tele imaging section that includes a fixed focal length Tele lens with a Tele FOV

that is narrower than the Wide FOV and a Tele sensor, the Tele imaging section operative to

provide Tele image data of the object or scene; and

c) a camera controller operatively coupled to the Wide and Tele imaging sections, the

camera controller configured to evaluate a no—switching criterion determined by inputs from

both Wide and Tele image data, and, if the no—switching criterion is fulfilled, to output a zoom

video output image that includes only Wide image data in a zoom—in operation between a

lower zoom factor (ZF) value and a higher ZF value.

2. The camera of claim 1, wherein the no—switching criterion includes a shift between the

Wide and Tele images calculated by global registration, the shift being greater than a first

threshold.

3. The camera of claim 1, wherein the no—switching criterion includes a disparity range

calculated by global registration, the disparity range being greater than a second threshold.

4. The camera of claim 1, wherein the no—switching criterion includes an effective

resolution of the Tele image being lower than an effective resolution of the Wide image.

5. The camera of claim 1, wherein the no—switching criterion includes a number of

corresponding features in the Wide and Tele images being smaller than a third threshold.

6. The camera of claim 1, wherein the no—switching criterion includes a majority of

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer to

the camera than a first threshold distance.

17
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7. The camera of claim 1, wherein the no—switching criterion includes some objects

imaged in an overlap area of the Wide and Tele images being calculated to be closer than a

second threshold distance while other objects imaged in the overlap area of the Wide and Tele

images being calculated to be farther than a third distance threshold.

8. The camera of claim 1, wherein the camera controller includes a user control module

for receiving user inputs and a sensor control module for configuring each sensor to acquire

the Wide and Tele image data based on the user inputs.

9. The camera of claim 8, wherein the user inputs include a zoom factor, a camera mode

and a region of interest.

10. The camera of any of the claims 1—9, wherein the Tele lens includes a ratio of total

track length (TTL)/effective focal length (EFL) smaller than 1.

11. The camera of any of the claims 1—9, wherein, if the no—switching criterion is not

fulfilled, the camera controller is further configured to output video output images with a

smooth transition when switching between the lower ZF value and the higher ZF value or vice

versa, wherein at the lower ZF value the output image is determined by the Wide sensor, and

wherein at the higher ZF value the output image is determined by the Tele sensor.

12. The camera of any of the claims 1—9, wherein the camera controller is further

configured to combine in still mode, at a predefined range of ZF values, at least some of the

Wide and Tele image data to provide a fused output image of the object or scene from a

particular point of view.

13. A method for obtaining zoom images of an object or scene using a digital camera,

comprising the steps of:

a) providing in the digital camera a Wide imaging section having a Wide lens with a

Wide field of View (FOV) and a Wide sensor, a Tele imaging section having a Tele lens with

18
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a Tele FOV that is narrower than the Wide FOV and a Tele sensor, and a camera controller

operatively coupled to the Wide and Tele imaging sections; and

b) configuring the camera controller to evaluate a no—switching criterion determined by

inputs from both Wide and Tele image data, and, if the no—switching criterion is fulfilled, to

output a zoom video output image that includes only Wide image data in a zoom—in operation

between a lower zoom factor (ZF) value and a higher ZF value.

14. The method of claim 13, wherein the no—switching criterion includes a shift between

the Wide and Tele images calculated by global registration, the shift being greater than a first

threshold.

15. The method of claim 13, wherein the no—switching criterion includes a disparity range

calculated by global registration, the disparity range being greater than a second threshold.

16. The method of claim 13, wherein the no—switching criterion includes an effective

resolution of the Tele image being lower than an effective resolution of the Wide image.

17. The method of claim 13, wherein the no—switching criterion includes a number of

corresponding features in the Wide and Tele images being smaller than a third threshold.

18. The method of claim 13, wherein the no—switching criterion includes a majority of

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer to

the camera than a first threshold distance.

19. The method of claim 13, wherein the no—switching criterion includes some objects

imaged in an overlap area of the Wide and Tele images being calculated to be closer than a

second threshold distance while other objects imaged in the overlap area of the Wide and Tele

images being calculated to be farther than a third threshold distance.

20. The method of any of the claims 13—19, further comprising the step of configuring the

camera controller to combine in still mode, at a predefined range of ZF values, at least some
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of the Wide and Tele image data to provide a fused output image of the object or scene from a

particular point of vieW.

21. The method of any of the claims 13—19, wherein the step of configuring the camera

controller to combine in still mode, at a predefined range of ZF values, at least some of the

Wide and Tele image data to provide a fused output image includes configuring the camera

controller to combine Wide and Tele image data only in focused areas.
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FIG. 3A
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* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

 

participating intellectual property office for the corresponding application. For more information, please see

hit :/'/\W¢W.LISI>I‘.0. ovI’ atentS/init events/ hI/index.‘s orsend an inquiryto PPI-iieedback{®usgtc.00v.    

Application Papers

10)I:l The specification is objected to by the Examiner.

11)|Xl The drawing(s) filed on 1/8/2017is/are: a)lX| accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

Priority under 35 U.S.C. § 119

12)I:| Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a)I:l All b)|:l Some” c)I:l None of the:

1.I:I Certified copies of the priority documents have been received.

2.|:l Certified copies of the priority documents have been received in Application No.

3.|:| Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.
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Application/Control Number: 15/324,720 Page 2

Art Unit: 2664

DETAILED ACTION

The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Information Disclosure Statement

1. The information disclosure statement (IDS) submitted on 1/8/2017 is in

compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure

statement is being considered by the examiner.

Claim Rejections - 35 USC § 102

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the public before the effective filing date of the claimed
invention.

3. Claims 1, 2, 4, 8-14, 20 and 21 are rejected under 35 U.S.C. 102(a)(1) as being

anticipated by Shabtay et al. (WO 2014/199338, hereinafter “Shabtay”, cited in the IDS

dated 1/8/2017).

Regarding claim 1, Shabtay discloses a zoom digital camera (Figs. 1 & 2)

comprising:

a) a Wide imaging section (102/104/106) that includes a fixed focal length Wide

lens with a Wide field of view (FOV) and a Wide sensor, the Wide imaging section
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Application/Control Number: 15/324,720 Page 3

Art Unit: 2664

operative to provide Wide image data of an object or scene (Fig. 1A; page 4, lines 4-17;

page 6, lines 23-35 and page 7, lines 28-33);

b) a Tele imaging section (108/110/112) that includes a fixed focal length Tele

lens with a Tele FOV that is narrower than the Wide FOV and a Tele sensor, the Tele

imaging section operative to provide Tele image data of the object or scene (Fig. 1A;

page 4, lines 4-17; page 6, lines 23-35 and page 7, lines 28-33); and

c) a camera controller (114) operatively coupled to the Wide and Tele imaging

sections (see Fig. 1A and page 8, lines 1-6), the camera controller configured to

evaluate a no-switching criterion determined by inputs from both Wide and Tele image

data, and, if the no-switching criterion is fulfilled, to output a zoom video output image

that includes only Wide image data in a zoom-in operation between a lower zoom factor

(ZF) value and a higher ZF value (see page 14, lines 11 -34, wherein a no-switching

criterion is met when the zoom factor is Within the range of 1 to stitch (or slightly

above ZFT), the zoom video is only output from the Wide sensor using digital zoom.

The Tele sensor is not operational in this mode).

Regarding claim 2, it is also seen in Shabtay that the no-switching criterion

includes a shift between the Wide and Tele images calculated by global registration, the

shift being greater than a first threshold (see page 13, lines 10-14 and page 14, lines

1 1-34. It should be noted that the first threshold is considered as ZF in the still image

mode, and 1 to stitch in the video mode, wherein "global registration " is given its
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Art Unit: 2664

broadest reasonable interpretation as the registration of the above thresholds that have

been programmed beforehand in the camera).

Regarding claim 8, Shabtay further discloses that the camera controller includes

a user control module for receiving user inputs and a sensor control module for

configuring each sensor to acquire the Wide and Tele image data based on the user

inputs (see Fig. 1A, user control 118; page 8, lines 5-6).

Regarding claim 9, as also seen in Shabtay, the user inputs include a zoom

factor (ZF), a camera mode and a region of interest (page 8, lines 5-6).

Regarding claim 10, Shabtay also clearly discloses that the Tele lens includes a

ration of total track length (TTL)/effective focal length (EFL) smaller than 1 (see page 8,

lines 20-21 in which TTL= 6mm and EFL: 7mm).

Regarding claim 11, it is also seen in Shabtay that if the no-switching criterion is

not fulfilled, the camera controller is further configured to output video output images

with a smooth transition when switching between the lower ZF value and the higher ZF

value or vice versa, wherein at the lower ZF value the output image is determined by

the Wide sensor, and wherein at the higher ZF value the output image is determined by

the Tele sensor (see Fig. 6 and page 15, lines 8-20).
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Regarding claim 12, Shabtay further discloses that the camera controller is

further configured to combine in still mode, at a predefined range of ZF values, at least

some of the Wide and Tele image data to provide a fused output image of the object or

scene from a particular point of view (see page 13, lines 5-27, wherein in a still image

mode, a fused output image is obtained using both Wide image data and Tele image

data for a predetermined range of ZF values).

Regarding claims 13, 14 & 20, the subject matter of these claims are met by

Shabtay as discussed in claims 1, 2 and 12, respectively.

Regarding claim 21, Shabtay also discloses that the step of configuring the

camera controller to combine in still mode, at a predefined range of ZF values, at least

some of the Wide and Tele image data to provide a fused output image includes

configuring the camera controller to combine Wide and Tele image data only in focused

areas (see claim 17 in Shabtay).

Allowable Subject Matter

4. Claims 3-7 and 15-19 are objected to as being dependent upon a rejected base

claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.

5. The following is a statement of reasons for the indication of allowable subject

matter:

APPL—1002 / Page 203 of 435



APPL-1002 / Page 204 of 435

Application/Control Number: 15/324,720 Page 6
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The prior art of record fails to teach or fairly suggest the limitations of each of

claims 3-7 and 15-19. The Examiner has found no teaching, support and/or reason that

render these claims obvious over the disclosure of Shabtay reference in view of the

whole prior art of record. Shabtay and other teachings provide no disclosure for the no-

switching criterion setting as clearly defined by each of claims 3-7. For claims 15-19,

the same reason is applied as these claims recite similar method limitations as in the

apparatus claims 3-7.

Conclusion

6. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to NHAN T. TRAN whose telephone number is (571 )272—

7371. The examiner can normally be reached on Monday - Friday 8:30AM - 5:00PM.

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Lin Ye can be reached on 571 -272-7372. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 15/324,720 Page 7

Art Unit: 2664

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/NHAN T TRAN/

Primary Examiner, Art Unit 2664
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Privacy Act Statement

 

 
1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the

attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised

that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited

is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to

process and/or examine your submission related to a patent application or patent. If you do not furnish the requested

information, the U.S. Patent and Trademark Office may not be able to process andr'or examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record 5.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a

court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement

negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the

Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for

the information in order to perform a contract. Recipients of information shall be required to comply with the

requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records

may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant

to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or

his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to

recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and

2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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§(("8401276") or ("6104432") r
§("5710670") or ("9185291")).PN.

  USPGPUB;
USPAT;
usoon

§(wide near1 angle or wide) same lens USPGPUB; §2018/06/11g
§same (telephoto or tele) same (dual or gUSPAT; g11:37
gtwo) same (lens or imag$3) USOCR;

‘ gFPRS; EPO;
gJPO;

DERWENT;

g2018/06/11g
g11:34

 

   
  
  
  
  
 

 

  

 
 \ KKK KKKs KKKKKKKKKKKKKKKs KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK. KKKKKKKKKKKKKKKKKKKKKKKKKKKK: KKKKKKKKKKKKKKKKKKKKKKKK: KKKKKKKKKKKKKKKKKKa KKKKKKKKKKKKKKKKKKKKKKKKKK:

E811 same zoom$4 gUSPGPUB; §2018/06/11g
3 gUSPAT; 5 §11:37 5

usoon; i

gFPRS; EPO;
iJPO;

DERWENT;

|BM_TDB 5KKKK KKKKKKKKKKKKKKKKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKs KKKKKKKKKKKKKKKKKKKKKKKKKKKK. KKKKKKKKKKKKKKKKKKKKKKKKK. KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

§s12 same (switch$3 or transition$3) gusPePUB; g2018/06/11g
‘ UgSPAT; g g11:38 g

gusoon; i
gFPRs; EPO;
gJPO;

gDERWENT;
ngM_TDB =

gusPePUB;
gUSPAT;

gusoon;
gFPRS; EPO;
gJPO;
gDERWENT;

 
  

   
  
  

 

 

    
 

 
 

 

  
  
  
  
  

 

 

    

 
 
  

   
  
  
  
 

  

 

 
 
 

 §s13 and @ad<"20150813" 52018/06/115
g11:38

\ ..........¢ ...............¢ ............................................................................................4 ............................: .........................: ...................a ..........................:

(transition$3 or switch$3 or shift$3) USPGPUB; g2018/oe/11g
near3 digital near2 zoom$4 with USPAT; 5 12:09

(telephoto or tele) near3 (lens or optical USOCR; 3
or imag$3 near2 sens$3 or camera) FPRS; EPO;

‘ gJPO;
DERWENT;

IBM_TDB ‘K KKKKKKKKKKKKKKKKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK‘ KKKKKKKKKKKKKKKKKKKKKKKKKKKK~ KKKKKKKKKKKKKKKKKKKKKKKKK~ KKKKKKKKKKKKKKKKKKKaaaaaaaaaaaaaaaaaaaaaaaaaaaa

fixed near1 focal with wide wth gusPePUB; g2018/06/11g
((telephoto or tele) same (dual or two) gUSPAT; 5 g12:36 5

‘ gUSOCR; g
gFPRs; EPO;
gJPO;
gDERWENT;

   
  
  
  
  

 

 
 

   
  

 

  

 

 
 
 

 

     

 
 
 

\ KKK KKKs KKKKKKKKKKKKKKKQ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK. KKKKKKKKKKKKKKKKKKKKKKKKKKKKs KKKKKKKKKKKKKKKKKKKKKKKK: KKKKKKKKKKKKKKKKKKQ KKKKKKKKKKKKKKKKKKKKKKKKKK:

§(transition$3 or switch$3 or shift$3) with USPGPUB; g2018/oe/11g
gwide with (tele or telephoto or zoom$4 gUSPAT; g12;36
gadj1 in) gusoon; g
3 gFPRs; EPO;

iJPO;
gDERWENT;

  
 

 
  

  
 

  

   

   
  g2018/06/11ggusPePUB;

= g12:37USPAT;

USOCR;

FPRS; EPO;

JPo;

DERWENT;

IBM_TDB ‘ :
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    5818 same (digital or electronic) near2
(zoom or magnification)  
  
  

 

 
  

5usPePUB;
5USPAT; 5
5usocn; 5
5FPRS; EPO;
5JPO;
5DERWENT;

 

 
 

52018/06/115
512:38 5

\ \\\\\\\\\\¢ \\\\\\\\\\\\\\\¢ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK\KKKKKKKKKKKKKKKKKKKKKK. KKKKK\KKKKKKKKKKKKKKKKKKKKKK¢ KK\KKKKKKKKKKKKKKKKKKKKK: \KKKKKKKKKKKKKKKKKQ KKK\KKKKKKKKKKKKKKKKKKKKKK:

§fixed with wide with (tele or telephoto) 5USPGPUB; 52018/06/115
5with (dual or two) with (lens or optic$3 5USPAT; 513:35
or camera) USOCR; 5

‘ 5FPRS; EPO;

5JF’O;
5DERWENT;

   
  
  
  

 

 
   
  
  

 

 

    

  
 
   5usPePUB;
5USPAT; 5
5usocn;
5FPRS; EPO;
5JPO;

5DERWENT;
5|BM_TDB ‘« 4444444444444444« xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx\«x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x: \\xxx\\\\\\\\\\\\\\\\\\\\\\\‘ xx\\\\\\\\\\\\\\\\\\\\\\\‘ 4444444444444444444aaaaaaaaaaaaaaaaaaaaaaaaaaaa

5(shift$3 near3 image) with wide with US—PGPUB; 52018/06/115
5(tele or telephoto) 5USPAT; 5 514:19 5
‘ 5usocn; 5

5FPRS; EPO;
5JPO;
5DERWENT;

5820 same (switch$3 or transition$3 or
5shift$3)

 

 
 
 

52018/06/115
513:35 5

 

  
  
  
  
  
 

 

 

    
 
 
 

  
 

  
 

  5822 same (registration or register) with
§global

 

 
 

5usPePUB;
5USPAT;
5usocn;

5FPRS; EPO;
5JPO;
5DERWENT;

52018/06/115
514:20

\ ..........é ...............é ............................................................................................e ............................: .........................: ...................a ..........................:

5822 and (registration or register) with 5USPGPUB; 52018/06/115
5global USPAT; 5 14:20

5usocn;

5FPRS; EPO;
5JPO; 5

 
  

 
  

 
 

 
 
 

disparity or misalign$4) with image 52018/06/115
14:21 5  
 
  
 

JPO;

DERWENT;
\ 44444444444 4444444444444444 aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘aaa4‘444444444444444444444445 aa4‘a44444444444444444444444: “4444444444444444444444: 4444“““““““« 4444444“““““““““‘:

5switch$3 near2 (camera or tele or USPGPUB; 52018/06/125
§telephoto or long near1 focal) with 5USPAT; 515:42
§resolution 5USOCR; 5

‘ 5FPRS; EPO;
5JPO;

DERWENT;

|BM_TDB 5\\\\\\\\\\« \\\\\\\\\\\\\\\\« KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK\KKKKKKKKKKKKKKKKKKKKKK¢ KKKKK\KKKKKKKKKKKKKKKKKKKKKK. KK\KKKKKKKKKKKKKKKKKKKKKK. \KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

5826 with (digital near1 zoom$4) 5usPePUB; 52016/06/125
) 5USPAT; 5 16:15

5usocn;
5FPRS; EPO;
5JPO; 5
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::DERWENT;..................................................................................................................................................................................................................................

:826 with ((digital or electronic) near1 :USPGPUB; :2018/06/12:
:zoom$4) USPAT; 16:15
‘ USOCR;

:FPRS; EPO;
:JPO;

DERWENT;

   

 
 

 
 
 

\ ..........¢ ...............¢ ............................................................................................4 ............................: .........................: ...................a ..........................:

:(wide or short near2 focal) near2 USPGPUB; :2018/06/12:
(camera or lens or optic$3) with (tele or :USPAT; 5 :16:17

:telephoto or long near2 focal) with USOCR; :
(switch$3 or transition$3 or shift$3) with FPRS; EPO;

condition :JPo;

\ DERWENT;

IBM_TDB ‘« \«x‘x‘x‘x‘x‘x‘x‘fi xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx\«x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x: \\xxx\\\\\\\\\\\\\\\\\\\\\\\‘ xx\\\\\\\\\\\\\\\\\\\\\\\‘ \\\\\\\\\\\\\\\\\\\“““““““““““““““““

:(wide or short near2 focal) near2 USPGPUB; :2018/06/12:
(camera or lens or optic$3) with (tele or :USPAT; 5 :16:17 5

:telephoto or long near2 focal) with USOCR; 3
(switch$3 or transition$3 or shift$3) with FPRS; EPO;

(condition or zoom$4) :JPO;
‘ DERWENT;

 

 
 

 
 

  

 

 
  

 

 
 
  

 

 

  

 \ \\\\\\\\\\s \\\\\\\\\\\\\\\s KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK\KKKKKKKKKKKKKKKKKKKKKK. KKKKK\KKKKKKKKKKKKKKKKKKKKKK¢ KK\KKKKKKKKKKKKKKKKKKKKK: \KKKKKKKKKKKKKKKKKQ KKK\KKKKKKKKKKKKKKKKKKKKKK:

:8130 same (digital or electronic) near2 :USPGPUB; :2018/06/12:
:(zoom$4 or magnification or :USPAT; 16:18

:enlargement) with resolution USOCR; :
: :FPRs; EPO;

:JPO:
:DERWENT;

 

 
 
 

\ “““““¢ “““““““‘¢ """"""""""""""""""""""""""""""""""‘“““““““““““‘¢ ""‘“““““““““““‘i "“““““““““““‘i “““““““““‘¢ "‘“““““““““““‘i

:resolution with (wide or short near1 :USPGPUB; :2018/06/12:
:focal) near2 imag$3 with (tele or :USPAT; 5 16:21
:telephoto or long near1 focal) USOCR; 5
‘ :FPRs; EPO;

:JPO;
DERWENT;

|BM_TDB 5« \«x‘x‘x‘x‘x‘x‘x‘fi xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx\«x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x: \\xxx\\\\\\\\\\\\\\\\\\\\\\\‘ xx\\\\\\\\\\\\\\\\\\\\\\\‘ \\\\\\\\\\\\\\\\\\\aaaaaaaaaaaaaaaaaaaaaaaaaaaa

:832 samethreshold :USPGPUB; :2018/06/12:
:USPAT; 3 16:21 3

:usocn; :
:FPRS; EPO;
:JPO;

 

 

  

 
 

  

  

  
 

 
 
 

  
 

 

  

 

  

 

 

 
 

2018/06/12:
16:23

(dual near2 (camera or imag$3 near2

:sens$3) with wide with (tele or
:telephoto))

  :UsPePUB, :
:USPAT;
:USOCR;

:FPRS; EPO;
:JPO;
:DERWENT;

  

  
 

 
 
 

\ ..........é ...............é ............................................................................................e ............................: .........................: ...................a ..........................:

:334 and resolution :USPGPUB; :2018/06/12:
: :USPAT; 5 16:24 5

:USOCR;
:FPRS; EPO;
:JPO:
:DERWENT;

§|BM_TDB =..........\ ................\ .....................................................................................................................................................................................................

:("14386823").PN. :USPGPUB; :2018/06/12:
: :USPAT; 3 16:24 3

usocn ‘ :
APPL—1002 / Page 215 of 435
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E("20150085174").PN. EusPGPUB;
E USPAT; g

usocn44“ \44444444444444\« 444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4\44444444444444444444443 4444‘\4444444444444444444444. 44\4444444444444444444444. \444444444444444444KKKKKKKKKKKKKKKKKKKKKKKKKKKK

E("9800798").PN. UgsPePUB; E2018/06/12E
E UESPAT; 2 E1729 2

usocn E\ .........u‘ ..............u‘ ...............................................................................uuuuuuu~ ..............u............: ...........u............: .........u.........‘ ............u............:

E("20020152557" | "20060139463"| gusPGPUB; E2018/06/12E
E"20060187312" | "20060187338" | gUSPAT; E E17128 E
020070025713" | "20080024596" I EUSOCR E
E"20080030592" | ""20090295949" | 3
E"20110249086" | ""20130235234" |

|

|

E2018/06/12E
16:25 5

 
 

 
 

 
 

 
 

E"20130250159" "20140184854"|
E"20140232905" "5870139" | "7561191"g
|8456515)PNOR(9800798)URPN

EusPePUB; E2018/O6/12E
EUSPAT; E17:38 g

gusocn;
EFPRS; EPO;
EJPO;
EDERWENT;

 
  E834 and (disparity or parallax or

misalign$4)
 

 
 
 

\ 4“ 4443 \444444444444443 4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘\4444444444444444444444. 444‘4\44444444444444444444443 4‘\4444444444444444444443 \444444444444444448 44‘\44444444444444444444443

Eeffective near2 resolution with image USPGPUB; E2018/O6/12E
Ewith (digital or electronic) near2 zoom$4 USPAT; E 17:44
‘ Eusocn; =

EFPRS; EPO;
EJF’O;
EDERWENT;

E E EIBNLTDB E g E E

gusPePUB; 2E018/06/12E
EUSPAT; E E17:49 g

usocn; E
FPRS; EPO;

 

 
 
 

 

 
  

 

 
 

 
 

Edetect$3 near2 (object or subject or
Efeature) near3 (clos$3 or short adj1
Edistance) near2 camera   

..............................................................................................................................................

E842 with (switch$3 or chang$3 or E2018/O6/12E
Eshift$3) near2 wide 17:49

 

  
 

 

 
 

  JPO;

DERWENT;

  
  
  
  
  

 

 

    2018/06/12EUEsPePUB; .
E E17:49USPAT;

Eusocn;
EFPRS; EPO;
EJPO;
EDERWENT;
EIBM_TDB ‘44“ \44444444444444\« 444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4444‘4\44444444444444444444443 4444‘\4444444444444444444444. 44\4444444444444444444444. \4444444444444444444444444444444444444444444444

E(object or subject or feature) near3 EU8PGPUB; E2018/O6/12E
E(clos$2 or short adj1 distance) near2 EUSPAT; E E17:5O E
Ecamera EUSOCR; E
‘ EFPRS; EPO;

EJPO;

EDERWENT;
EIBM_TDB ‘

..........E ................E .....................................................................................................................................................................................................

84E5 same (switch$3 or chang$3 or USPGPUB; E2018/O6/12E
Eshift$3 or driv$3) near2 wide near2 (lensE USPAT; 17:50 E
or camera) USOCR;

E EFPRS; EPO;

EJPO; 5

E842 same (switch$3 or chang$3 or
Eshift$3) near2 wide
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\t
\\\\\\\\\\\\ ..\\\\\

 DERWENT;

   
 

 

 
 
 

 
 
 

   
  
 

  

:845 and (switch$3 0r chang$3 0r shift$3 U8PGPUB; §OR
0:r driv$3) near2 wide near2 (lens or U8PAT; 5
camera) USOCR;

: :FPR8; EPO;
EJPO;
:DERWENT;

:2018/06/12:
:17:51

\ ..........¢ ...............¢ ............................................................................................4 ............................: .........................: ...................a ..........................:

:845 same (switch$3 0r chang$3 0r U8PGPUB; :2018/06/12§
:shift$3 0r driv$3) near2 wide near2 U8PAT; 5 17:53
mode USOCR; 3

* :FPRS; EPO;
§JPO;

DERWENT;

|BM_TDB ‘K KKKKKKKKKKKKKKKKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK: KKKKKKKKKKKKKKKKKKKKKKKKKKKK~ KKKKKKKKKKKKKKKKKKKKKKKKK~ KKKKKKKKKKKKKKKKKKK4444444444444444444444444444

:(0bject or subject or feature or target) §U8PGPUB; :2018/06/12§
near3 clos$2 near2 camera U8PAT; 5 17:55 5

‘ :usocn; :

:FPRS; EPO;
EJF’O:

DERWENT;

    

   
  
  

 

 

 

 
 
 

 

  
 

   
 

 

    

 
 
 

\ KKK KKKs KKKKKKKKKKKKKKKQ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK. KKKKKKKKKKKKKKKKKKKKKKKKKKKK¢ KKKKKKKKKKKKKKKKKKKKKKKK: KKKKKKKKKKKKKKKKKKQ KKKKKKKKKKKKKKKKKKKKKKKKKK:

:849 same (switch$3 0r chang$3 0r U8PGPUB; :2018/06/12§
:shift$3 0r driv$3) near2 wide near2 U8PAT; 18:06
mode USOCR; 3

: :FPRS; EPO;
éJPO;
:DERWENT;

|BM_TDB :\ “““““¢ “““““““‘¢ """"""""""""""""""""""""""""""""""‘“““““““““““‘¢ ““““““““““ “““““““““‘¢ "‘“““““““““““‘i

:(detect$3 0r determin$3 or if or when) §U8PGPUB :2018/06/12§
:near2 (object or subject or feature or U8PAT; 18:07
:target) near3 (clos$2 or distance) near2 :USOCR; 5
:camera §FPR8; EPO;
‘ §JPO;

DERWENT;

|BM_TDB ‘K KKKKKKKKKKKKKKKKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK: KKKKKKKKKKKKKKKKKKKKKKKKKKKK~ KKKKKKKKKKKKKKKKKKKKKKKKK~ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

85:1 same (switch$3 0r chang$3 0r U8PGPUB; :2018/06/12§
:shift$3 0r driv$3) near2 wide near2 U8PAT; 3 18:08 a
:mode :usocn; s

‘ :FPRS; EPO;

EJPO:
:DERWENT;

 
 

  
  

 

  
 

  

 
   

  
  

 
 

 

 

 

 
 

  

 
 
 
 
 

 

 

 

 
 

    

 
 
 

\ KKK KKKs KKKKKKKKKKKKKKKQ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK. KKKKKKKKKKKKKKKKKKKKKKKKKKKK¢ KKKKKKKKKKKKKKKKKKKKKKKK: KKKKKKKKKKKKKKKKKKQ KKKKKKKKKKKKKKKKKKKKKKKKKK:

85:1 same (switch$3 0r chang$3 0r U8PGPUB; :2018/06/12§
:shift$3 0r driv$3) near2 wide U8PAT; 18:08
: :jusocR; :

:FPRS; EPO;
§JPO;
:DERWENT;

   

 
 

 
 
 

\ ..........é ...............é ............................................................................................e ............................: .........................: ...................a ..........................:

:(switch$3 0r shift$3 0r chang$3) near3 :U8PGPUB; :2018/06/12:
:(wide or short near2 f0caI) near3 U8PAT; ‘ 18:17 ‘
:(200m$3 0r close-up 0r closeup or long USOCR;

:near1 f0cal) with (detect$3 near3 (object: FPRS; EPO;
:or subject or target)) :JPO;
: :DERWENT;

|BM_TDB ‘...\ ................\ .....................................................................................................................................................................................................

:("20090022276").PN. USPGPUB; :2018/06/ 12:
: U8PAT; 3 2:2:35 3

USOCR ‘ :
APPL—1002 / Page 217 of 435
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§(oohen near2 Noy or Gigushinski near2 §USPGPUB; §OR §2o18/06/13§
§Oded or GEva near1 Nadav or Shabtay USPAT; §OO:OO 5
§near1 Gal or Ashkenazi near2 Ester or USOCR;

Katz near1 Ruthy or Goldenberg near1 FPRS; EPO;

§Ephraim).in. §JPO; 3
DERWENT; 

EAST Search History (I nterference)

<This search history is empty>
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Title:DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING / NON-SWITCHING

DYNAMIC CONTROL

Publication No.US-2018—0184010-A1

Publication Date:06/28/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37

CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the

Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to

applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set

forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's

Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)

972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application

Information and Retrieval (PAIR) system. The direct link to access this status information is currently

https://porta|.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only

be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.
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(54) Handheld electronic device with dual image capturing method and computer program product

(57) A handheld electrical device includes a first lens
module with a first image capturing boundary, a second
lens module with a second image capturing boundary,
an input unit and a control unit. The first image capturing

boundary is different from the second image capturing

m

boundary. The input unit receives a user input for cap-
turing images. When the input unit receives the user in-
put, the control unit controls the first lens module and the

second lens module to respectively capture a first image

and a second image at the same time.
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Description

BACKGROUND

Technical Field

[0001] The present invention relates to an electrical

device, an image capturing method and a computer pro-
gram product for loading into thereof. More particularly,
the present invention relates to a handheld electrical de-

vice, a dual image capturing method and a computer pro-
gram product for loading into thereof.

Description of Related Art

[0002] As 30 (Computer, Communications and Con-
sumer) technology develops, there are more and more
people utilizing handheld electrical devices in their daily
life. Most common handheld electrical devices are per-

sonal digital assistants (PDA), mobile phones, smart
phones etc. Since mobile electrical devices are designed
much smaller and easy to carry, more and more people
use handheld electrical device and more functions are

developed for different users.

[0003] Nowadays, most handheld electrical devices

are equipped with cameras. Wherein, images captured
and output by such cameras are landscape images (or
called landscape images). If users want images output

vertically (as portrait images), the images must be re-
duced or out since the width/length ratio of the portrait
image and that of the landscape image are different.
However, users may not be satisfied with the portrait im-
ages after reduce or cut. In particular, when the images

captured are video, distortion ofthe portrait images (vid-
eos) thereof may be more obviously since the image may
be further trans—coded, which may disturbs users.

SUMMARY

[0004] According to one embodiment ofthis invention,
a handheld electrical device is provided. When a user
wants to utilize the handheld electrical device to capture

images, the handheld electrical device controls different
lens modules, image capturing boundaries of which are
different, to capture images with the different image cap-
turing boundaries at the same time. The handheld elec-
trical device includes a first lens module with a first image
capturing boundary, a second lens module with a second

image capturing boundary, an input unit and a control
unit. The first lens module and the second lens module

are disposed on the handheld electrical device respec-

tively. Wherein, the first image capturing boundary and
the second image capturing boundary are different. The

input unit is configured to receive a user input for captur-
ing images. When the input unit receives the user input,
the control unit controls the first lens module and the sec-

ond lens module to respectively capture a first image and

a second image at the same time.
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[0005] According to another embodiment of this inven—

tion, a dual image capturing method is provided. In the
dual image capturing method, when a user wants to uti-
lize a handheld electrical device to capture images, the
handheld electrical device controls different lens mod-

ules, image capturing boundaries of which are different,
to capture images with the different image capturing
boundaries at the same time. The dual image capturing
method is suitable for a handheld electrical device. The
handheld electrical device includes a first lens module

with a first image capturing boundary and a second lens
module with a second image capturing boundary. Where-
in, the first image capturing boundary and the second

image capturing boundary are different. The dual image
capturing method can be implemented as a computer
program product, which includes at least one program

instruction. The at least one program instruction of the
computer program product is used for being loaded into
the handheld electrical device. Afterthe at least one pro-

gram instruction ofthe computer program product is load-
ed intothe handheld electrical device, the handheld elec-

trical device executes the steps of the dual image cap-
turing method. The dual image capturing method in-
cludes the following steps: a user input for capturing im-
ages is received. When the user input is received, a first

image and a second image are captured at the same
time by the first lens module and the second lens module

respectively.
[0006] Above all, the handheld electrical device can
capture images in different image capturing boundaries
at the same time without moving the handheld electrical
device. Hence, when capturing images occurring in a
flash, images in different image capturing boundaries can

be captured to avoid missing any of the boundaries. Be-
sides, if the images captured by the handheld electrical
device are videos, the user can switch between portrait

images and landscape images without too much image
distortion.

[0007] These and other features, aspects, and advan-

tages of the present invention will become better under-
stood with reference to the following description and ap-
pended Claims. It is to be understood that both the fore-

going general description and the following detailed de-
scription are by examples, and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention can be more fully understood by

reading the following detailed description of the embod-
iments, with reference made to the accompanying draw-
ings as follows:

Fig. 1 is a rear-view diagram ofa handheld electrical

device according to one embodiment of this inven-
tion;

Fig. 2 is a block diagram of the handheld electrical
device in Fig. 1;
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Fig. 3 illustrates a front—viewdiagram ofthe handheld

electrical device in Fig. 1 in a portrait orientation;
Fig. 4 illustrates a front-viewdiagram ofthe handheld
electrical device in Fig. 1 in a landscape orientation;
Fig. 5 illustrates an embodimentofthe indication line
displayed on the handheld electrical device 100 in
Fig. 1;

Fig. 6 illustrates another embodiment of the indica-
tion line displayed on the handheld electrical device
100 in Fig. 1;
Fig. 7 illustrates an embodiment ofthe miniature dis-
played on the handheld electrical device 100 in Fig.
1;

Fig. 8 illustrates another embodiment of the minia—
ture displayed on the handheld electrical device 100
in Fig. 1; and

Fig. 9 is a flow diagram of a dual image capturing
method according to one embodiment of this inven-
tion.

DETAILED DESCRIPTION

[0009] Reference will now be made in detail to the
present embodiments of the invention; examples of

which are illustrated in the accompanying drawings.
Wherever possible; the same reference numbers are

used in the drawings and the description to refer to the
same or like parts.

[0010] Fig. 1 is a rear-view diagram ofa handheld elec-
trical device according to one embodiment ofthis inven-

tion. Fig. 2 is a block diagram of the handheld electrical
device in Fig. 1 . When a userwants to utilize the handheld
electrical device to capture images; the handheld elec-
trical device controls different lens modules, image cap-
turing boundaries of which are different; to capture im-
ages with the different image capturing boundaries at the
same time.

[0011] The handheld electrical device 100 includes a
control unit 110; a first lens module 120; a second lens

module 130; and an input unit 140. The first lens module
120 and the second lens module 130 are disposed on

the handheld electrical device 100 respectively. The first
lens module 120; the second lens module 130, and the

input unit 140 are electrically connected to the control
unit 110. The input unit 140 may be at least one button,

a keyboard, a graphical user interface (GUI) or other
types of input units.
[0012] The first lens module 120 can capture scenes
with a first image capturing boundary. The second lens

module 130 can capture scenes with a second image
capturing boundary. Wherein; the first image capturing

boundary and the second image capturing boundary are
different. The input unit 140 is configured to receive a
user input for capturing images. When the input unit 140
receives the user input; the control unit 110 controls the
first lens module 120 and the second lens module 130

to respectively capture a first image and a second image

at the same time. Wherein, the first image and the second
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image may include pictures; videos or other types of im—

age. Therefore; the handheld electrical device 100 can
capture images in different image capturing boundaries
at the same time without moving the handheld electrical

device 100. Hence; when capturing images occurring in
a flash; images in different image capturing boundaries
can be captured to avoid missing any ofthe boundaries.
[0013] In one embodiment of this invention; the first
image captured by the first lens module 120 is a portrait
image (captured in a portrait mode), and the second im-

age captured by the second lens module 130 is a land-
scape image (captured in a landscape mode). Hence;
the disposed orientation of the first lens module 120 is

substantially vertical to that of the second lens module
130. Therefore; the first image (portrait image) captured
by the first lens module 120 may be substantially vertical

to the second image (landscape image) captured by the
second lens module 130. In other words; a portrait image
and a landscape image can be captured at the same time
without moving the handheld electrical device 100. In ad-
dition; when the user selects a video mode ofa traditional

handheld electrical device; the user can only take a land-
scape video. Ifthe userwants to viewthe landscape video

on a portrait screen; the user has to wait a long time for
image trans—coding. ln otherwords; during the trans—cod—

ing; the original coded landscape video must be decoded
before encoding to a portrait video. Since the image

trans-coding takes a long time; the user can’t view the
landscape images immediately. Besides; since the land-
scape images are coded twice; the landscape images
may be distorted, which may lead to worse image quality.
If the present invention is applied; the user can switch

between portrait images and landscape images without

too much image distortion.
[0014] Besides, the handheld electrical device 100 can
display image captured by different lens modules with
different image capturing boundaries corresponding to

the orientation (such as portrait orientation or landscape
orientation) ofthe handheld electrical device 100. Hence;

the handheld electrical device 100 may further include a
display unit 150 and an orientation sensing module 160.
The orientation sensing module 160 is configured to
sense an orientation of the handheld electrical device.

Wherein; the orientation sensing module 160 may be a
g sensor or any other element which can sense the ori-
entation of the handheld electrical device 100. Hence,

when the handheld electrical device 100 is in a photo-

graph mode; the handheld electrical device 100 can con—
trol the display unit 150 to display images captured by

different lens modules with different image capturing
boundaries corresponding to the orientation of the hand-
held electrical device 100. Wherein; when the orientation

sensing module 160 senses that the handheld electrical
device 100 is in a first orientation; the control unit 110

controls the display unit 150 to display a scene captured
by the first lens module 120 with the first image capturing
boundary; when the orientation sensing module 160
senses that the handheld electrical device 100 is in a
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second orientation, the control unit 110 controls the dis—

play unit 150 to display another scene captured by the
second lens module 130 with the second image capturing
boundary. Wherein, the first orientation and the second
orientation are different. Hence, when the handheld elec-

trical device 100 is in the photograph mode, the handheld
electrical device 100 can control its display unit 150 to

display scenes captured by different lens modules with
different image capturing boundaries in real time corre-
sponding to the orientation of the handheld electrical de-
vice 100. In other words, when the handheld electrical

device 100 is in the photograph mode, the user can

change the orientation of the handheld electrical device
100 to control the handheld electrical device 100 to dis—

play scenes captured with different image capturing
boundaries.

[0015] Fig. 3 illustrates a front-view diagram of the
handheld electrical device in Fig. 1 in a portrait orienta-
tion. Fig. 4 illustrates a front-viewdiagram ofthe handheld
electrical device in Fig. 1 in a landscape orientation. In
one embodiment of this invention, the first orientation of

the handheld electrical device 100 may be a portrait ori-
entation, and the second orientation ofthe handheld elec-

trical device 100 may be a landscape orientation. Hence,
when the orientation sensing module 160 senses that
the handheld electrical device 100 is in the portrait ori-

entation, the control unit 1 10 controls the display unit 150

to display the portrait image captured by the first lens
module 120 with the first image capturing boundary (as
shown in Fig. 3). When the orientation sensing module
160 senses that the handheld electrical device 100 is in

the landscape orientation, the control unit 110 controls

the display unit 150 to display the landscape image cap-

tured by the second lens module 130 with the second
image capturing boundary (as shown in Fig. 4). In other
embodiments, the first orientation and the second orien—

tation are not limited to the portrait orientation and the
landscape orientation in this disclosure. Therefore, when

the handheld electrical device 100 is in the photograph
mode, the user can put the handheld electrical device

100 in the portrait or landscape orientation to display the
portrait or landscape image correspondingly for user‘s
convenience. Besides, the portrait image being dis-
played horizontally or the landscape image being dis-
played vertically on the display unit 1 50, which maywaste

the display area of the display unit 150, can be avoided.
[0016] When the handheld electrical device 100 dis-
plays images captured by one of the lens modules, at
least one indication line to indicate the boundary of the

other lens module can be displayed on the displayed im-
ages. Hence, when the handheld electrical device 100

is in the photograph mode and the orientation sensing
module 160 senses that the handheld electrical device

100 is in the first orientation, the control unit 110 controls

the display unit 150 to display a scene captured by the
first lens module 120 with the first image capturing bound-
ary, and to further display one or more first indication

lines on the displayed scenes. Wherein the one or more
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first indication lines indicate the position that the second

image capturing boundary captured by the second lens
module 130 corresponds to the first image capturing
boundary. In one embodiment of this invention, the first

indication line may be a fixed position on the displayed
first image capturing boundary. In another embodiment
of this invention, the position of the first indication line

can be obtained by comparing the scenes captured with
the first image capturing boundary with that with the sec-
ond image capturing boundary. However, the corre-

sponding position of the first indication line can be ob-
tained utilizing other methods, which should not be lim-
ited in this disclosure.

[0017] Besides, when the handheld electrical device
100 is in the photograph mode and the orientation sens-
ing module 160 senses that the orientation of the hand-
held electrical device 100 is in the second orientation,

the control unit 1 1 0 controls the display unit 150 todisplay
a scene captured by the second lens module 130 with
the second image capturing boundary, and to further dis-
play one or more second indication lines on the displayed

scenes to indicate the first image capturing boundary
captured by the first lens module 120. Therefore, when
the handheld electrical device 100 displays images cap-

tured by one of the lens modules, at least one indication
line to indicate the boundary of the other lens module

can be displayed on the displayed images, which can
help users understand the boundary captured by the oth-
er lens module.

[0018] Fig. 5 illustrates an embodiment of the indica-

tion line displayed on the handheld electrical device 100
in Fig. 1. Fig. 6 illustrates another embodiment of the
indication line displayed on the handheld electrical device
100 in Fig. 1. For example, the first orientation of the
handheld electrical device 100 may be a portrait orien-
tation, and the second orientation of the handheld elec—

trical device 100 may be a landscape orientation. Hence,
when the handheld electrical device 100 is in the photo—

graph mode and the orientation sensing module 160
senses that the handheld electrical device 100 is in the

portrait orientation, the control unit 110 controls the dis-

play unit 150 to display the portrait image 201 captured

by the first lens module 120 with the first image capturing
boundary, and to further display a first indication line 201
a (as shown in Fig. 5) on the displayed first image 201.
Wherein the first indication line 201 a indicate the position

that the second image capturing boundary captured by
the second lens module 130 corresponds to the first im—

age capturing boundary. Besides, when the orientation

sensing module 160 senses that the handheld electrical
device 100 is in the landscape orientation, the control

unit 110 controls the display unit 150 to display the land-
scape image 202 captured by the second lens module
130 with the second image capturing boundary, and to

further display one second indication line 202a on the
displayed scenes (as shown in Fig. 6) to indicate the first
image capturing boundary captured by the first lens mod-
ule 120. Therefore, when photographing portrait images,
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the corresponding landscape images can be indicated;

when photographing landscape images, the correspond—
ing portrait images can be indicated, which can assist
users during photographing. ln otherembodiments, more
indication lines can be further displayed, which should
not be limited in this disclosure.

[0019] When the handheld electrical device 100 dis-

plays images captured by one of the lens modules, a
miniature captured by the other lens module can be fur-
ther displayed. Hence, when the handheld electrical de-
vice 100 is in the photograph mode and the orientation
sensing module 160 senses that the handheld electrical
device is in the first orientation, the control unit 110 con—

trols the display unit 150 to furtherdisplay a first miniature
captured with the second image capturing boundary.
When the handheld electrical device 100 is in the photo-

graph mode and the orientation sensing module senses
that the handheld electrical device 100 is in the second

orientation, the control unit 110 controls the display unit
150 to further display a second miniature captured with
the first image capturing boundary. Therefore, when the

handheld electrical device 100 displays images captured
by one ofthe lens modules, users can reach the miniature
captured by the other lens module with the other image
capturing boundary.

[0020] Fig. 7 illustrates an embodimentofthe miniature
displayed on the handheld electrical device 100 in Fig.

1. Fig. 8 illustrates another embodiment ofthe miniature
displayed on the handheld electrical device 100 in Fig.
1. For example, the first orientation ofthe handheld elec-

trical device 100 may be a portrait orientation, and the
second orientation of the handheld electrical device 100

may be a landscape orientation. Hence, when the hand-

held electrical device 100 is in the photograph mode and
the orientation sensing module 160 senses that the hand-
held electrical device is in the portraitorientation, the con—

trol unit 110 controls the display unit 150 to display the

portrait image 301 captured by the first lens module 120
with the first image capturing boundary, and to further

display a first miniature 301 a of the landscape image
captured with the second image capturing boundary (as
shown in Fig. 7). When the handheld electrical device
100 is in the photograph mode and the orientation sens-
ing module 160 senses that the handheld electrical de-
vice is in the landscape orientation, the control unit 110

controls the display unit 150 to display the landscape
image 302 captured by the first lens module 130 with the
second image capturing boundary, and to further display
a second miniature 302a of the portrait image captured

with the first image capturing boundary (as shown in Fig.
8).

[0021] When the handheld electrical device 100 is in
a browsing mode, the handheld electrical device 100 can
display images corresponding to its orientation. Hence,
when the handheld electrical device 100 is in a browsing
mode and the orientation sensing module 160 senses
that the handheld electrical device 100 is in the first ori-

entation, the control unit 1 10 controls the display unit 150
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to display the first image. When the handheld electrical

device 100 is in the browsing mode and the orientation
sensing module 160 senses that the handheld electrical
device 100 is in the second orientation, the control unit

110 controls the display unit 150 to display the second
image. Hence, when the handheld electrical device 100
is in the browsing mode, the handheld electrical device
100 can control its display unit 150 to display images
captured with different image capturing boundaries cor-
responding to the orientation of the handheld electrical
device 100. In other words, when the handheld electrical

device 100 is in the browsing mode, the user can change
the orientation of the handheld electrical device 100 to

control the handheld electrical device 100 to display im—
ages captured with different image capturing boundaries
for browsing, which is convenient to users for operation.

[0022] In addition, the handheld electrical device 100
can set the first image capturing boundary and the sec-
ond image capturing boundary according to the interest-
ing characteristics set by the user. Hence, the control
unit 110 can receive an interesting characteristic through
the input unit 140. The control unit 110 determines the

first image capturing boundary and the second image
capturing boundary automatically according to the inter-

esting characteristic. Then, the first lens module 120 can
capture the first image with the interesting characteristic

according to the first image capturing boundary; the sec-
ond lens module 130 can capture the second image with
the interesting characteristic according to the second im-
age capturing boundary. Wherein, the interesting char-

acteristic may be a human facial feature, smiling feature
etc.. Therefore, the interesting characteristic, which in-
terests user, can always captured in the image.
[0023] Fig. 9 is a flow diagram ofa dual image captur-
ing method according to one embodiment of this inven-
tion. In the dual image capturing method, when a user
wants to utilize a handheld electrical device to capture

images, the handheld electrical device controls different
lens modules, image capturing boundaries of which are
different, to capture images with the different image cap-
turing boundaries at the same time. The dual image cap-
turing method is suitable fora handheld electrical device.
The handheld electrical device includes a first lens mod-

ule with a first image capturing boundary and a second
lens module with a second image capturing boundary.
Wherein, the first image capturing boundary and the sec-
ond image capturing boundary are different. The dual
image capturing method can be implemented as a com—
puter program product, which includes at least one pro—

gram instruction. The at least one program instruction of
the computer program product is used for being loaded
into the handheld electrical device. After the at least one

program instruction of the computer program product is
loaded into the handheld electrical device, the handheld

electrical device executes the steps of the dual image
capturing method. The computer program product can
be stored in a handheld-electrical-device readable stor-

age medium. Any suitable storage medium may be used
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including nonvolatile memory such as read only memory

(ROM), programmable read only memory (PROM), eras—
able programmable read only memory (EPROM), and
electrically erasable programmable read only memory
(EEPROM) devices; volatile memory such as SRAM,
DRAM, and DDR-RAM; optical storage devices such as
CD-ROMs and DVD-ROMS; and magnetic storage de-

vices such as hard disk drives and floppy disk drives.
[0024] The dual image capturing method 400 includes
the following steps:
[0025] In step 410, a user input for capturing images
is received.

[0026] In step 420, when the user input is received

(step 41 0), a first image and a second image are captured
at the same time by the first lens module and the second
lens module respectively. Wherein, the first image is the

one captured by the first lens module with the first image
capturing boundary, and the second image is the one
captured by the second lens module with the second im-
age capturing boundary. The first image and the second
image may include pictures, videos or other types of im-

age. Therefore, the handheld electrical device can cap-
ture images with different image capturing boundaries at
the same time without moving the handheld electrical
device.

[0027] In one embodiment of step 420, the first image,
which is captured by the first lens module with the first

image capturing boundary, may be a portrait image (cap-
tured in a portrait mode), and the second image, which
is captured by the second lens module with the second
image capturing boundary, may be a landscape image
(captured in a landscape mode). Therefore, a portrait im-
age and a landscape image can be captured at the same

time without moving the handheld electrical device. In
addition, when the user selects a video mode of a tradi-

tional handheld electrical device, the user can only take
a landscape video. If the user wants to view the land—
scape video on a portrait screen, the user has to wait a

long time for image trans-coding. In other words, during

the trans-coding, the original coded landscape video
must be decoded before encoding to a portrait video.
Since the image trans-coding takes a long time, the user
can’t view the landscape images immediately. Besides,
since the landscape images are coded twice, the land-
scape images may be distorted, which may lead to worse

image quality. lfthe present invention is applied, the user
can switch between portrait images and landscape im-
ages without too much image distortion.
[0028] Besides, the handheld electrical device can dis—

play image captured by different lens modules with dif-
ferent image capturing boundaries corresponding to the

orientation (such as portrait orientation or landscape ori-
entation) ofthe handheld electrical device. Hence, in step
430, an orientation of the handheld electrical device may
be sensed. Wherein, the orientation ofthe handheld elec-

trical device may be sensed (step 430) utilizing a g sensor
or any other element which can do orientation sensing.

[0029] In step 440, when the handheld electrical device
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is in a first orientation and the handheld electrical device

is in a photograph mode, the handheld electrical device
displays a scene captured by the first lens module with
the first image capturing boundary.

[0030] In step 450, when the handheld electrical device
is in a second orientation and the handheld electrical de-

vice is in a photograph mode, the handheld electrical
device displays another scene captured by the second
lens module with the second image capturing boundary.
Wherein, the first orientation and the second orientation

are different. Hence, when the handheld electrical device

is in the photograph mode, the handheld electrical device
can display scenes captured by different lens modules

with different image capturing boundaries in real time cor—
responding to the orientation of the handheld electrical
device. Besides, the first orientation ofthe handheld elec-

trical device may be a portrait orientation, the second
orientation of the handheld electrical device may be a
landscape orientation, the first image corresponding to
the first orientation (portrait orientation) is a portrait im-
age, and the second image corresponding to the second

orientation (landscape orientation) is a landscape image.
Therefore, when the handheld electrical device is in the

photograph mode, the user can put the handheld elec-
trical device in the portrait or landscape orientation cor—

respondingly for user’s convenience. Besides, the por—

trait image being displayed horizontally or the landscape
image being displayed vertically on the display unit ofthe
handheld electrical device, which may waste the display
area of the handheld electrical device, can be avoided.

[0031] When the handheld electrical device displays
images captured by one of the lens modules, at least one
indication line to indicate the boundary of the other lens
module can be displayed on the displayed images.
Hence, when the handheld electrical device is in the pho-

tograph mode and the handheld electrical device is in
the first orientation, the handheld electrical device can

further display one or more first indication lines on the
displayed scenes on the displayed images in step 440.
Wherein the one or more first indication lines indicate the

position that the second image capturing boundary cap-
tured by the second lens module corresponds to the first

image capturing boundary. Besides, when the handheld
electrical device is in the photograph mode and the hand-
held electrical device is in the second orientation, the

handheld electrical device further displays one or more
second indication lines on the displayed images in step
450. Wherein the one or more second indication lines

indicate the position that the first image capturing bound—

ary captured by the first lens module corresponds to the
second image capturing boundary. Therefore, when the
handheld electrical device displays images captured by
one of the lens modules, at least one indication line to

indicate the corresponding boundary of the other lens

module can be displayed on the displayed images, which
can help users understand the boundary captured by the
other lens module.

[0032] When the handheld electrical device displays
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images captured by one ofthe lens modules, a miniature

captured by the other lens module can be further dis—
played. Hence, when the handheld electrical device is in
the photograph mode and the handheld electrical device
is in the first orientation, the handheld electrical device

may further display a first miniature captured with the
second image capturing boundary on the images dis-

played in step 440. When the handheld electrical device
is in the photograph mode and the handheld electrical
device is in the second orientation, the handheld electri-

cal device may further display a second miniature cap-
tured with the first image capturing boundary on the im—

ages displayed in step 450. Therefore, when the hand—

held electrical device displays images captured by one
ofthe lens modules, users can reach the miniature cap-

tured by the other lens module in the other image cap-

turing boundary.
[0033] When the handheld electrical device is in a
browsing mode, the handheld electrical device can dis-
play images corresponding to its orientation. Hence,
when the handheld electrical device is in the first orien-

tation and the handheld electrical device is in the brows-

ing mode, the handheld electrical device displays the first
image captured by the first lens module. Besides, when
the handheld electrical device is in the second orientation

and the handheld electrical device is in the browsing
mode, the handheld electrical device displays the second

image captured bythe second lens module. Hence, when
the handheld electrical device is in the browsing mode,
the handheld electrical device can display images cap-
tured with different image capturing boundaries corre-
sponding to the orientation of the handheld electrical de-
vice.

[0034] In addition, the handheld electrical device can
set the first image capturing boundary and the second
image capturing boundary, which are taken as the factor
to execute step 420, according to the interesting charac—

teristics set by the user. Hence, the dual image capturing
method 400 may further includes the following steps: an

interesting characteristic is received. The first image cap-
turing boundary and the second image capturing bound-
ary are determined automatically according to the inter-
esting characteristic, such that the image with the inter-
esting characteristic can be captured. Wherein, the in-
teresting characteristic may be a human facial feature,

smiling feature etc.. Hence, in step 420, the first image
and the second image are captured at the same time by
the first lens module and the second lens module accord—

ing to the first image capturing boundary and the second

image capturing boundary respectively. Therefore, the
interesting characteristic, which interests user, can al-

ways captured in the image.
[0035] Above all, the handheld electrical device can
capture images with different image capturing bounda-
ries at the same time without moving the handheld elec-
trical device. Hence, when capturing images occurring
in a flash, images in different image capturing boundaries

can be captured to avoid missing any ofthe boundaries.
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Besides, if the images captured by the handheld electri—
cal device are videos, the user can switch between por—

trait images and landscape images without too much im-
age distortion.

[0036] Although the present invention has been de-
scribed in considerable detail with reference to certain

embodiments thereof, other embodiments are possible.
Therefore, the spirit and scope of the appended claims
should not be limited to the description of the embodi-
ments contained herein. ltwill be apparenttothose skilled
in the art that various modifications and variations can

be made to the structure of the present invention without

departing from the scope orspirit of the invention. In view

of the foregoing, it is intended that the present invention
cover modifications and variations of this invention pro-

vided they fall within the scope of the following claims.

Claims

1. A handheld electrical device comprising:

a first lens module with a first image capturing
boundary, disposed on the handheld electrical
device ;

a second lens module with a second image cap-

turing boundary, disposed on the handheld elec-
trical device, wherewith the first image capturing
boundary and the second image capturing
boundary are different;

an input unit, configured to receive a user input
for capturing images; and
a control unit, configured to control the first lens
module and the second lens module to respec-

tively capture a first image and a second image
at the same time when the input unit receives

the user input.

2. The handheld electrical device of claim 1, wherein

the first image is a portrait image, the second image
is a landscape image, and the disposed orientation
ofthe first lens module is substantially vertical to that
ofthe second lens module.

3. The handheld electrical device of claim 1 further

comprising:

a display unit;
an orientation sensing module, configured to
sense an orientation of the handheld electrical

device; and
wherein when the handheld electrical device is

in a photograph mode:

when the orientation sensing module sens-
es that the handheld electrical device is in

a first orientation, the control unit controls

the display unit to display a scene captured
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by the first lens module with the first image image.

capturing boundary; and
when the orientation sensing module sens- 7. The handheld electrical device of claim 1, wherein
es that the handheld electrical device is in thefirstimageandthe second image include pictures
a second orientation, the control unit con- 5 and/or videos.

trols the display unit to display another

scene captured by the second lens module 8. A dual image capturing method for a handheld elec-
with the second image capturing boundary. trical device, wherein the handheld electrical device

comprises a first lens module with a first image cap-
4. The handheld electrical device of claim 3, wherein: 10 turing boundary and a second lens module with a

second image capturing boundary, wherewith the

when the handheld electrical device is in the first image capturing boundary is different from the
photograph mode and the orientation sensing second image capturing boundary, the method com—
module senses that the handheld electrical de— prises:
vice is in the firstorientation, the control unit con- 15

trols the display unit to further display one or receiving a userinputforcapturing images; and

more first indication lines to indicate the second capturing a first image and a second image at
image capturing boundary; and the same time by the first lens module and the
when the handheld electrical device is in the second lens module respectively whenthe user
photograph mode and the orientation sensing 20 input is received.
module senses that the handheld electrical de-

vice is in the second orientation, the control unit 9. The method of claim 8, wherein the first image is a
controls the display unit to further display one or portrait image, and the second image is a landscape
more second indication lines to indicate the first image.
image capturing boundary. 25

10. The method of claim 8 further comprising:
5. The handheld electrical device of claim 3, wherein:

sensing an orientation ofthe handheld electrical
when the handheld electrical device is in the device; and

photograph mode and the orientation sensing 30 when the handheld electrical device is in a pho-
module senses that the handheld electrical de- tograph mode:
vice is in the firstorientation, the control unit con-

trols the display unit to further display a first min- when handheld electrical device is in a first

iature captured by the second lens module with orientation, making the handheld electrical
the second image capturing boundary; and 35 device display a scene captured by the first
when the handheld electrical device is in the lens module with the first image capturing
photograph mode and the orientation sensing boundary; and
module senses that the handheld electrical de- when the handheld electrical device is in a

vice is in the second orientation, the control unit second orientation, making the handheld

controls the display unit to further display a sec— 40 electrical device display another scene cap-
ond miniature captured by the first lens module tured by the second lens module with the
with the first image capturing boundary. second image capturing boundary.

6. The handheld electrical device of claim 1 further 11. The method of claim 10 further comprising:
comprising: 45

when the handheld electrical device is in the

when the handheld electrical device is in a photograph mode and the handheld electrical
browsing mode and a orientation sensing mod— device is in thefirstorientation,furtherdisplaying
ule ofthe handheld electrical device senses that one or more first indication lines to indicate the

the handheld electrical device is in a first orien- 50 second image capturing boundary; and
tation, the control unit controls a display unit of when the handheld electrical device is in the

the handheld electrical device to display the first photograph mode and the handheld electrical
image; and device is in the second orientation, further dis-
when the handheld electrical device is in the playing one or more second indication lines to

browsing mode and the orientation sensing 55 indicate the first image capturing boundary.
module senses that the handheld electrical de-

vice is in a second orientation, the control unit 12. The method of claim 10 further comprising:
controls the display unit to display the second
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when the handheld electrical device is in the

photograph mode and the handheld electrical
device is in the firstorientation, furtherdisplaying
a first miniature captured by the second lens
module with the second image capturing bound-
ary; and
when the handheld electrical device is in the

photograph mode and the handheld electrical
device is in the second orientation, further dis-

playing a second miniature captured by the first
lens module with the first image capturing
boundary.

The method of claim 8 further comprising:

when the handheld electrical device is in a

browsing mode and the handheld electrical de-
vice is in a first orientation, displaying the first
image; and
when the handheld electrical device is in the

browsing mode and the handheld electrical de-

vice is in a second orientation, displaying the
second image.

The method of claim 8, wherein the first image and

the second image include pictures and/or videos.

A computer program product comprising at least one
program instruction for being loaded into a handheld
electrical device, wherein the handheld electrical de-

vice comprises a first lens module with a first image
capturing boundary and a second lens module with
a second image capturing boundary. wherewith the

first image capturing boundary is different from the
second image capturing boundary. wherein the at
least one program instruction executes at least fol—
lowing steps after loading into the handheld electrical
device:

receiving a user input for capturing images; and
capturing a first image and a second image at
the same time by the first lens module and the
second lens module respectively when the user
input is received.
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EUROPEAN PATENT OFFICE

Patent Abstracts of Japan

PUBLICATION NUMBER : 08271976

PUBLICATION DATE : 18-10-96

APPLICATION DATE : 29-03-95

APPLICATION NUMBER : 07094242

APPLICANT : CANON INC;

INVENTOR : TAMAMURAHIDEO;

|NT.CL. : G03B 19/06 G03B 17/20 G03B 17/48

H04N 5/335

TITLE : CAMERA  
ABSTRACT : PURPOSE: To enhance operability and quick photographing property by improving a

finder function, in a camera provided with both video and still camera functions.

CONSTITUTION: The camera is constituted of a video camera part consisting of each of a

video photographing camera unit 20, an operation unit 30 for changing a zoom ratio,

driven by motor and a video deck part 40 recording video on a magnetic tape and a still

camera part for exposing a sliver salt photographic film, to record a still picture. The video

taken by the video camera part is displayed as a picture on an LCD in a camera main

body 1 and a half mirror is disposed in mid-way of an optical path, so that when the picture

is optically led to a part of a visual field in an optical finder, the picture of the video is

placed in the still picture as a window. Further, a light shielding plate can be overlapped

with or retreated from the rear surface of the half mirror, in accordance with the operation

of a photographer.

COPYRIGHT: (C)1996,JPO
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EUROPEAN PATENT OFFICE

Patent Abstracts of Japan

PUBLICATION NUMBER : 04211230

PUBLICATION DATE : 03-08-92

APPLICATION DATE : 19-10-90

APPLICATION NUMBER : 02282755

APPLICANT : FUJI PHOTO FILM CO LTD;

INVENTOR : UEDASATOSHI;

|NT.CL. : G03B 5/00 G01P 9/00

TITLE : COMPENSATOR FOR CAMERA

SHAKE BY HAND  
ABSTRACT : PURPOSE: To realize the downsizing and cost reduction of a device by arranging a mirror

to compensate camera shake caused by hand in front of a photographing lens, making

possible design of the photographing lens without taking the mirror into consideration, and

simplifying a mirror support mechanism.

CONSTITUTION: A compensator 10 to compensate camera shake caused by hand is

arranged in front of a photographing lens 11, and generally, introduces a subject image to

the photographing lens 11 by folding down the image by 90 degrees by means of a mirror

12. The mirror 12 is tillably supported in all directions, and when a camera is put in tilting

motion due to camera shake and the like, the mirror 12 is put in tilting motion by a half of

the camera shake angle in the opposite direction to the camera shake direction, and

thereby, image oscillation caused by camera shake and the like can be compensated.

COPYRIGHT: (C)1992,JPO&Japio
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Electronic Patent Application Fee Transmittal

DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING /

T't'e °f Invent'm“ NON—SWITCHING DYNAMIC CONTROL

First Named Inventor/Applicant Name: Noy Cohen

Attorney Docket Number: COREPH—0159 US NP

Filed as Small Entity

Filing Fees for US. National Stage under 35 USC 371
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EN THE U NETED STA'I‘ES PATENT AND TRADER/1A RK OFFECE

In re Applicant: Ceiifirmatien N0: 5811

Noy Cohen

Sei‘iai Ne: 13/324,720

Filed: 01/08/2017 Grenp Art Unit: 2664

For: DUAL APERTURE ZOONI

CAR/[ERA WITH VIDEO SUPPORT

AND SWETCE-HNG / NON—

SWITCHING DYNAMIC CONTRGL

§ Atterney Docket: Cereph-OIS‘) US NP

§

Examiner: Tran, Nhan T.

Cemmissienei fer Patents

PO. Box 1450

Alexandria, VA 223134450

RESPG‘NSE

Sir:

This is in response to the United States Patent and Tredetn ark Gffiee Action havil’lg a

Netifieatien Date et‘ 06/ '1 9/2018, which response is being made with a One menth extensien

fer which the appmpria‘te fee is paid herewith.

Amendment tea the Speeifficatien is previded en page 2.

A listing and amendments 0f Claims begins en page 3.

Remarks/Arguments begin on page 7:

APPL—1002 / Page 290 of 435



APPL-1002 / Page 291 of 435

EN THE DESCRIPTION:

Piease amend the paragraph en page 12, titres 24—28 as fehews:

Returning new te the Zoemnirt process, in same embodiments, fer higher ZF their the

tip-transfer ZFa the output is the transfermed Teie camera eutput, digitally zeomed. E-Eewet/er,

in ether embedimentsi for higher ZF than the tip—transfer ZR there will he he switehirrg from

the Wide te the Teie camera «output? ie the output wilt be from the Wide camera? digitally

zeemed. This “he switching” process is described next.
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TN THE CLAlMS:

Please amend the claims as follows:

l, ((filurrently amended) A zoom digital camera comprising:

a) a Wide imaging section that includes a fixed focal length Wide lens with a Wide field

of View (TIGV) and a Wide sensor, the Wide imaging section operative to provide Wide image

data of an object or scene;

h) a Tele imaging section that includes a fixed focal length Tele lens with a Tele FOV

that is narrower than the Wide FQ‘V and a 'l'ele sensor, the 'l'ele imaging section operative to

provide. Tele image data of the objector scene; and

 

c) a camera controller operatively coupled to the Wide and 'l‘ele imaging sectionsgnthe

mm and configured to evaluate it;a nonswitching criterion is fulfilled or not

fulfilled“ arid; wherein if the no 

switching criterion is fulfilled in a zoom 

and a hi her Zl“ value at a zoom l‘actor ZF) hi her than an u ~transfer Zl“, the camera
 

controller is further configured to output a zoom Video output image that includes only Wide

imagé‘ data,_endearedn__i.t‘._tita_no_—_an:italli.na_siiteticn__is_natiiiltilled... thasantsta..centtgllst__is

further configured to outgut a zoom Video output image that includes only transformed:

digitall ' zoomed Telc ima e data.
 

2. (Original) The camera of claim l, wherein the nouswitching criterion includes a shift

between the Wide and Tele images calculated by global registration, the shift being greater

than a first threshold.

Pr

3. (Original) The camera of claim l, wherein the no—switching criterion includes a

disparity range calculated by global registration, the disparity range being greater than a

second threshold,

4 (Original) The camera of claim l? wherein the. no~switching criterion includes an

L»)
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effective resclutien cf the 'l‘ele image being lewer than an effective resclutien of the Wide

image.

5. (Original) The camera. of claim l. wherein the net—switching criterion includes a

number cf cerrespending features in the Wide and 'l‘ele images being smaller than a third

thresheld.

6. (Original) The camera of claim l; wherein the rid—switching eriterien includes a

niajnrity cf Objects imaged in an overlap area of the Wide and Tele images being calculated tn

he cleser to the camera than a first threshcld distance.

7. (Original) The camera Of claim 1, wherein the newswitching critericn includes some

objects imaged in an cverlap area cf the Wide and Tele images being calculated to he cldser

than a secend threshcld distance while other objects imaged in the overlap area of the Wide

and Tele images being calculated to he farther than a third distance threshold.

8. (Original) The camera cf claim l, wherein the camera ccntrcller includes a user

control module fer receiving user inputs and a senscr centrel mndule for configuring each

sensor tc acquire the Wide and 'l'ele image data based en the user inputs.

9. (Original) The camera et‘ claim 8, wherein the user inputs include a acorn factcr, a

camera made and a reginn of interest.

l0. (Previously presented) The camera cf claim l, wherein the Tele lens includes a ratio

0f total track length (TTl...)/effective focal length (EFL) small er than l.

l l. (Cancelled)

l2. (Previously presented) The camera of claim l, wherein the camera cuntrcller is

further configured to combine in still mede, at a predefined range of ZF values. at least some

of the Wide and Tele image data te previde a fused eutput image cf the ehject er scene from a
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particular point of view.

'l3. (Currently amended A method for obtaining zoom images of an object or scene using

a digital camera, comprising the steps of:

a) providing in the digital camera a Wide imaging section having a Wide lens with a

Wide field of view (FQV) and a Wide sensor, a Tele imaging section having a Tele lens with

a ’l‘ele FEW that is narrower than the Wide FEW and a 'l‘ele sensor, and a camera controller

operatively coupled to the Wide and Tele imaging sections; and

h) configuring the camera controller to evaluate iiia no—switching criterion determmed-hy

~ ~ ~~ is fulfilled or not fulfilled, and, if the now 

the camera controller to output at a zoom factorswitching criterion is fulfilled conti urin  

ZF hi her than an it ~transfer ZF a zoom video output image that includes only Wide image  

data in a zoom—in operation between a lower zeom—theteefZFfi value and a higher ZF value. or

if the itio—switchiri'I criterion is not tiiltilled configurin the camera controller to cut ut a   

 zoom video out ut image that includes onl ' transformed di itallv zoomed, Tele ima Ie data.

'l4. (Original) The method of claim 'l3, wherein the no—switching criterion includes a shift

between the Wide and Tele images calculated by global registration? the shift being greater

than a first threshold.

l5. (Original) The method of claim l3, wherein the no—switching criterion includes a

disparity range calculated by global registration, the disparity range being greater than a

second threshold.

l6. (Original) The method of claim l3, wherein the no~switching criterion includes an,

effective resolution of the Tele image being lower than an effective resolution of the Wide

image,

l7. (Original) The method of claim l3, wherein the no—switching criterion includes a

number of corresponding features in the Wide and 'l‘ele images being smaller than a third

threshold.
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l8. (Original) The method of claim 13, wherein the no~switching criterion includes a

majority of objects imaged in an overlap area of the Wide and Tele images being calculated to

be closer to the camera than a first threshold distance

l9. (Original) The method of claim l3, wherein the nonswitching criterion includes some

objects imaged in an overlap area of the Wide and Tele images being calculated to be closer

than a second threshold distance While other objects imaged in the overlap area of the Wide

and Tele images being calculated to he farther than a third threshold distance,

20. (Previously presented) The method of claim l3? further comprising the step of

configuring the camera controller to combine in still mode, at a predefined range of ZF values,

at least some of the Wide and Tele image data to provide a fused output image of the object or

scene from a particular point ofview.

2i (Previously presented) The method of claim l3, wherein the step of configuring the

camera controller to combine in still mode, at a predefined range of ZF values, at least some

of the Wide and Tele image data to provide a. fused output image includes configuring the

carnera controller to combine Wide and Tele image data only in focused areas.
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IRE WEARKS

The present response is intended to be fully responsive to all points of objection and/or

rejection raised by the Examiner and is believed to place the application in condition for

allowance.

Applicant asserts that the instant invention is new, nonnohvious and useful. Prompt

consideration and allowance of the Claims is respectfully requested.

Status of Claims

Claims l-Zl are pending in the application. Claims l, 2, 8~ll, l3, 14, 20 and 2i were

rejected in the ()ftiee [action dated 06/ l 9/2018. The rejection is respeetfully traversed. Claims

3:] and l5—l9 were objected to as being dependent upon a rejected base claim, but would he

allowable if rewritten in independent form including all of the limitations of the base claim

and any intervening claim. The conditional allowance of claims 3—7 and lS—lil is gratefully

acknowledged.

Clairn ll is cancelled herewith without prejudice, with most of its limitations heing

moved to claims l and l3. With the cancellation of elaim l 1, its rejection is moot.

Descriptinn and Claim amendments

Applicant herehy amends the language in the paragraph on page l2, lines 24428 to add

the inadvertently left out words “hie-her ZF than the” before “up—transfer 23F”. These words
 

should have clearly been present in View of the immediately previous sentence and in View of

the qualifier “l-lowever” at the start of this sentence No new matter is introdueed

Claims l and 13 are amended to recite the added limitation that if the no~switehing

criterion is fulfilled, the camera controller is configured to output at a zoom factor ZF‘
 

higher than an tip—transfer ZF a zoorn Video output image that includes only Wide image data

in a zoom—in operation between a lower ZF value and a higher ZF value, and if the no~

switching eriteri on is not fulfilled, the camera controller is configured to output a zoom video

out at iinacre that includes onl transformed. di ritally zooined Tele inia Ie data. Support for  
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the amendments may he found in p. 'lZZ, lines 24—28, in original claim ll, and in the broader

description of the “zoom, in” video operation at ZFs equal to or higher than the up—transfer

ZF .

Claim rejections w 35 ll.S.C. § 192

Claims l, 2., 4, 8—14, 20 and 21 were rejected under 35 USC. § l02(a)(l) as being

anticipated by Shahtay et al. (Wt) 20'l4/l99338, hereinafter Shahtay). 'l'he rejection is

respectfully traversed With the cancellation of claim ll, its rejection is moo‘t.ul-lowever, while

traversing the rejection, Applicant here‘oy amends claim 'l to recite in (c):

c) a camera controller operatively coupled to the Wide and Tele imaging sections and

configured to evaluate if a no-switching criterion is tirltilled or not fulfilled, wherein if the no

switching criterion is fulfilled in a zoomnin operation between a lower zoom factor (ZF) value

and a higher ZF value at a zoom factor (ZF) higher than an up~transfer ZF, the camera

controller is further configured to output a. zoom video output image that includes only Wide

image data, and wherein if the nomswitching criterion is not fulfilled, the camera controller is

further configured to output a zoom video output image that includes only transformed,

digitally zoomed Tele image data.

and amends claim l3 to recite in (h):

 
h) configuring the cam era controller to evaluate if a loo—switching criterion is fulfilled or

not fulfilled, and, if the tie—switching criterion is fulfilled, conti urin the camera controller

to output at a zoom factor ’ZF hi }her than an u wtransfer ZF a zoom video output image that

includes only Wide image data in a zoomwin operation between a lower Zili'walue and a higher
ZF value or if the nonswitchin I criterion is not fulfilled conli urincF the camera controller to

out ut a zoom video out ut imaoe that includes onl ' transformed diO'itall zoomed 'l‘ele

rmaacdatd

 

 

 

    

Support for the amendment may he found in p. l2, lines 24—28 as well as being clearly

supported by the broader description of the “zoom in” video operation at ZFs equal to or

higher than the up—transfer ZF,

Applicant respectfully submits that Shabtay does not teach in any way a camera

controller configured to output, at a 2? higher than an rip—transfer ZF, a zoom video output

image that includes only Wide image data in a zoom~in operation between a lower ZF value

APPL—1002 / Page 297 of 435



APPL-1002 / Page 298 of 435

and a higher ZF value. Shahtay teaches that at any ZF higher that the tip—transfer ZF a camera

outputs a Igelnenimage. as indicated for example in Shahtay page B), lines lO—l4:

Zoom—in: at low 23EI up to slightly above 55??) the output image is a digitally

zoomed, Wide fusion output. For the ”puffer/layer ZR the Tale image is shifted

and corrected by global registration (GR) to achieve smooth irai'zsizion. Then,

{he (Wiper is transfer/lied to a Tele fission output For higher (than the up

traits/fer) ZF, the output is the Teiejiision output didgilrlih/ zoomed,

Applicant therefore submits that Shahtay cannot and, does not anticipate claims l, l3 and all

claims depending therefrom? and cannot even render these claims unpatentahle.

Claim objections

Claims 3J7 and, l5ml9 were objected, to as being dependent upon a rejected hase claim,

but would he allowable if rewritten in independent form including all of the limitations of the

base claim and any intervening claim. Applicant submits that with the amendment of claims l

and l3 from which these claims depend directly or indirectly, these claims are allowable in

their present form.

Conclusion

in View of the foregoing remarks? Applicant asserts that the pending claims are

allowahle. Their favorable reconsideration and allowance is respectfully requested

Should the Examiner have any question or comment as to the form, content or entry of

this Amendment? the Examiner is requested to contact the undersigned at the telephone

number below. Similarly, if there are any further issues yet to be resolved to advance the

prosecution of this application to issue, the Examiner is requested to telephone the

undersigned counsel.

Respectfiilly submitted?

,I’l‘vlenaehem Nathan/

Menachein Nathan

Agent for Applicant

Registration No. 653 92
Tel: 5 l6~4l£l-2—9736
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651 -0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docke Number Filing Date
Substitute for Form PTO-875 15/324,720 01/08/2017 [I To be Mailed

ENTITY: El LARGE IXI SMALL El MICRO

APPLICATION AS FILED — PART I

(Column 1) (Column 2)

37CFR1.16a, b,or c

37CFR1.16k, i,or m

D EXAMINATION FEE

TOTAL CLAIMS , *
37 CFR1.16i ““1520:

INDEPENDENT CLAIMS , *
37 CFR1.16h ”W153:

If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
for small entity) for each additional 50 sheets or
fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37

DAPPLICATION SIZE FEE
(37 CFR1.16(s))

I:I MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))
* If the difference in column 1 is less than zero, enter “0" in column 2.

APPLICATION AS AMENDED — PART II

(Column 2) (Column 3)

CLAIMS HIGHEST
REMAINING NUMBER

10/10/2018 AFTER PREVIOUSLY PRESENT EXTRA ADDITIONAL FEE ($)AMENDMENT PAID FOR

Total (37 CFR , - HMme

lnde endent * - ”WMm

I:I Application Size Fee (37 CFR 1 .16(s))
AMENDMENT

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

(Column 3

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY
AMENDMENT PAID FOR

1.16 i

Independent * - ”W
Wm,» _-_—

))El Application Size Fee (37 CFR 1 .16(s

)

PRESENT EXTRA

AMENDMENT
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

* If the entry in column 1 is less than the entry in column 2, write “0" in column 3. LIE
** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter “20". ROSA WEST
*** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter “3‘.
The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

 
This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and Trademark Office, US.
Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800—PTO—9199 and select option 2.
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UNITED STATES DEPARTMENT OF COM1VIERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 2231371450
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE

Nathan & Associates Patent Agents Ltd TRAN. NHAN T
P.O.BOX 10178

161 Am 6110101

ISRAEL 2664

DATE MAILED: 11/16/2018

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

15/324,720 01/08/2017 Noy Cohen COREPH-0159 US NP 5811

TITLE OF INVENTION: DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING / NON-SWITCHING DYNAMIC CONTROL

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $500 $0.00 $0.00 $500 02/ 19/2019

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN

THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

 

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office

(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"

of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a

request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing

the paper as an equivalent of Part B.

III. A11 communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail

Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.

It is patentee‘s responsibility to ensure timely payment of maintenance fees when due. More information is available at

WWW.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885
Commissioner for Patents
PO. Box 1450

Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate ”FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

92342 7590 11/16/2018 Certificate of Mailing 0r Transmission

Nathan & Associates Patent AgCl’ltS Ltd I hereby certify that this Fee(s) Transmittal is being deposited with the UnitedStates Postal Service with sufficient postage for first class mail in an envelope
P.O.BOX 10178 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to

Tel AVlV, 61 10101 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
ISRAEL (Typed or printed name)

(Signature) (Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

15/324,720 01/08/2017 Noy Cohen COREPH-0159 US NP 5811

TITLE OF INVENTION: DUAL APERTURE ZOOM CAMERA WITH VIDEO SUPPORT AND SWITCHING / NON-SWITCHING DYNAMIC CONTROL

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $500 $0.00 $0.00 $500 02/ 19/2019

EXAMINER ART UNIT CLASS-SUBCLASS

TRAN, NHAN T 2664 348-240990

1. Change of correspondence address or indication of ”Fee Address” (37
CFR 1.363).

2. For printing on the patent front page, list
(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

 

3 Change of correspondence address (or Change of Correspondence
Address form PTO/SB/ 122) attached.  

3 ”Fee Address” indication (or ”Fee Address” Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
\Iumber is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

   
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government

4a. Fees submitted: DIssue Fee DPublication Fee (if required) DAdvance Order - # of Copies
4b. Method of Payment: (Pleasefirst reapply any previously paidfee shown above)

3 Electronic Payment via EFS-Web D Enclosed check D Non-electronic payment by credit card (Attach form PTO-2038) 
:I The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/ 15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

3 Applicant certifying micro entity status. See 37 CFR 1.29

3 Applicant asserting small entity status. See 37 CFR 1.27 
3 Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
  

Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMIVIERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 2231371450
www.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

 
15/324,720 01/08/2017 Noy Cohen COREPH-0159 US NP 5811

92342 7590 11/16/2018

Nathan & Associates Patent Agents Ltd TRAN. NHAN T
P.O.BOX 10178

161 Am, 6110101
ISRAEL 2664

DATE MAILED: 11/16/2018

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement

that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent

Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial

patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term

adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior

to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)—272—7702. Questions relating to issue and publication fee payments should be

directed to the Customer Service Center of the Office of Patent Publication at 1—(888)—786—0101 or (571)—272—4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget

approval before requesting most types of information from the public. When OMB approves an agency request to

collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the

agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform

the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain

or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is

governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including

gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon

the individual case. Any comments on the amount of time you require to complete this form and/or suggestions

for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,

U.S. Department of Commerce, PO. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box 1450, Alexandria,

Virginia 223 13- 1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection

of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (PL. 93-579) requires that you be given certain information in connection with your

submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements

of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)

(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information

is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent

application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not

be able to process and/or examine your submission, which may result in termination of proceedings or abandonment

of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may

be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence

to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of

settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting

a request involving an individual, to whom the record pertains, when the individual has requested assistance

from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having

need for the information in order to perform a contract. Recipients of information shall be required to comply

with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of

records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property

Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,

or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility

to recommend improvements in records management practices and programs, under authority of 44 U.S.C.

2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection

of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed

in an application which became abandoned or in which the proceedings were terminated and which application

is referenced by either a published application, an application open to public inspection or aggfiuegdéaltgqbe 304 of 435
9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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I I I 15/324,720 Cohen et al.

NHAN T TRAN 2664 Yes

- The MAILING DA TE ofthis communication appears on the cover sheet wit/7 the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.. This communication is responsive to amendment filed on 10/10/2018.

[:1 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2:] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3.. The allowed c|aim(s) is/are 1-10, 12-21 (renumbered as 1-20) . As a result of the allowed c|aim(s), you may be eligible to benefit
from the Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For
more information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPeredback@uspto.gov.

4C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119( )-(d) or (f).

Certified copies:

a) CIA” b) [3 Some *c) C] None of the:

1. [:1 Certified copies of the priority documents have been received.

2. D Certified copies of the priority documents have been received in Application No.

3. [I Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2( )).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE“ of this communication to file areply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

51:] CORRECTED DRAWINGS (as “replacement sheets“) must be submitted.

C] including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mai| Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6C] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

LU Notice of References Cited (PTO-892) 5. U Examiner's Amendment/Comment

2.. Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mai| Date

3C] Examiner's Comment Regarding Requirement for Deposit 7. [:1 Other
of Biological Material .

“3 Interview Summary (PTO-413)
Paper No./Mail Date.

/NHAN T TRAN/

Primary Examiner, Art Unit 2664

 
U.S. Patent and Trademark Office _
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper N0-/MaI| Date 20181113
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Application/Control Number: 15/324,720 Page 2
Art Unit: 2664

DETAILED ACTION

Notice of Pre-AIA or AIA Status

1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Response to Arguments

2. Applicant’s amendment and arguments, filed on 10/10/2018, with respect to claims 1—

10 and 12—21 have been fully considered and are persuasive. The rejection indicated in the

previous Office Action has been overcome and withdrawn.

Information Disclosure Statement

3. The information disclosure statement (IDS) submitted on 9/23/2018 is in compliance

with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being

considered by the examiner.

Specification

4. The amendment to the specification filed on 10/10/2018 is accepted and entered.

Allowable Subject Matter

5. Claims 1—10 and 12—21 are allowed.

6. The reasons for allowance of the claims are clear from the written record of

prosecution. Attention is specifically drawn to the amendments and arguments dated

10/10/2018. As such, the reasons for allowance have been fully addressed and complied
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Application/Control Number: 15/324,720 Page 3
Art Unit: 2664

according to MPEP 1302.14(I).As such, the reasons for allowance have been fully addressed

and complied according to MPEP 1302.14(I).

Conclusion

7. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to NHAN T TRAN whose telephone number is (571)272—7371. The

examiner can normally be reached on Monday — Friday, 9:00am — 5:00pm.

Examiner interviews are available via telephone, in—person, and video conferencing

using a USPTO supplied web—based collaboration tool. To schedule an interview, applicant is

encouraged to use the USPTO Automated Interview Request (AIR) at

http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Lin Ye can be reached on 571—372—7372. The fax phone number for the organization

where this application or proceeding is assigned is 571—273—8300.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair—direct.uspto.gov. Should you have questions on access to the Private

PAIR system, contact the Electronic Business Center (EBC) at 866—217—9197(toll—free). If you

would like assistance from a USPTO Customer Service Representative or access to the

automated information system, call 800—786—9199 (IN USA OR CANADA) or 571—272—1000.
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application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form andlor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
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1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the

attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised

that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited

is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to

process and/or examine your submission related to a patent application or patent. If you do not furnish the requested

information, the U.S. Patent and Trademark Office may not be able to process andr'or examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record 5.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a

court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement

negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the

Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for

the information in order to perform a contract. Recipients of information shall be required to comply with the

requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records

may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant

to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or

his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to

recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and

2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication

from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the

information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification

after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

El any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the

form of the signature.

NamelPrint Registration Number l-5392

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the

public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR

1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed

application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form andlor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND

FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18 APPL—1002 / Page 349 of 435

 



APPL-1002 / Page 350 of 435

Privacy Act Statement

 

 
The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the

attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised

that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited

is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to

process and/or examine your submission related to a patent application or patent. If you do not furnish the requested

information, the U.S. Patent and Trademark Office may not be able to process andr'or examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record 5.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a

court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement

negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the

Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for

the information in order to perform a contract. Recipients of information shall be required to comply with the

requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records

may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant

to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or

his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to

recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and

2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UTILITY

PATENT APPLICATION

TRANSMITTAL

(Onlyfor new nonprovisional applications under 37 CFR 1.53(b)) EXpreSS MG” Label No'—
APPLICATION ELEMENTS Commissioner for Patents

See MPEP chapter 600 concerning utility patent application contents. ADDRESS TO. P-O- BOX 1450
Alexandria, VA 22313-1450

1D FeeTransmittaI Form ACCOMPANYING APPLICATION PAPERS(PTO/SB/17 or equivalent)

2. I: Applicant asserts small entity status. 10‘ l:l Assignment Papers
See 37 CFR 127 (cover sheet & document(s))

3. D Applicant certifies micro entity status. See 37 CFR 1.29. Name Of ASSIgneeApplicant must attach form PTO/SB/15A or B or equivalent.

4. I: Specification [Total Pages ] 11. I: 37 CFR 3.73(C) Statement E Power of Attorney
Both the claims and abstract must start on a new page. (when there is an assignee)

(See MPEP § 608.01la)for information on the preferred arrangement) 12. B English Translation Document
5. I: Drawing(s) (35 U.S.C. 113) [Total Sheets (ifapplicable)
6. Inventor’s Oath or Declaration [Total Pages ] . Information Disclosure Statement

(including substitute statements under 37 CFR 1.64 and assignments (PTO/SB/08 or PTO-1449)

serving as an oath or declaration under 37 CFR 1.63(e)) Copies of Citations attached
a. D Newly executed (original or copy)

b. D A copy from a prior application (37 CFR 1.63(d)) Return Receipt Postcard
|:| Application Data Sheet * See note below. (MPEP § 503) (Should be specifically itemized)See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

 

Preliminary Amendment

. Certified Copy of Priority Document(s)
CD-ROM or CD-R (ifforeign priority is claimed)

In duplicate, large table, or Computer Program (Appendix) 17. I: Nonpublication Request
|:' Landscape Table on CD Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35or equivalent.

9. Nucleotide and/or Amino Acid Sequence Submission _ _ . . . . . .
18. Other: Remarks - This is an IDS. Citation or Identification of(if applicable, items a. — c. are required)
 

 

a. l:l Computer Readable Form (CRF) any reference in this IDS shall not be construed as an
admission that such reference is available as prior art. 

b.|:| Specification Sequence Listing on:

i. |:' CD—ROM or CD—R (2 copies); or
ii.|:| Paper

C. D Statements verifying identity of above copies

 

 

*Note: (1) Benefit Claims under 37 CFR 1.78 and foreign priority Claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an

assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 92342 OR B Correspondence address below
 

Name

Address

City —_— zmcwe

Country — Telephone—-

signature lMenachem Nathan/ 11 --252018
Name Re is ra ion No.

(Pm/Type, MENACHEM NATHAN 65, 392
This collection of information'is required by 37 CFR 1.53(b). The information'is required to obtain or retain a benefit by the public which'is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800—PTO-9199 and select option 2.
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